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DESCRIPTION 

A METHDD OF PRODUCING A TAXANE-TYPE DITERPENE AND A METHOD OF 
OBTAINING CULTURED CELLS WHICH PRODUCE THE TAXANE-TYPE DITERPENE 
AT A HIGH RATE 

Technical Field 

This invention relates to a method of producing a taxane-type 
diteroene including taxol which is useful as a therapeutic agent 
for ovarian cancer, mammary cancer, lung cancer and the like, and 
a method of obtaining cultured cells which produce the taxane-tvpe 
diterpene at a high rate. 

Background Art 

Taxol , which is useful as a therapeutic agent for ovarian 
cancer, mammary cancer, lung cancer and the like, is a taxane-type 
diterpene identified after being isolated from Taxus brevifolia 
NUTT, which is a plant belonging to genua Taxus, family Taxaceae and 
has a complex ester group which is related to Its activity. Taxol 
can be found in all the parts of the plant body of Taxus brevifolia 
NUTT, but the bark has been reported to exceed all others in its 
content of the taxol. At present, taxol is collected from a 
natural or a cultivated plant body, however, the plant belonging to 
genus Taxus grows slowly, and it takes more than 10 years to grow to 
a heignt of 20 cn above the ground, besides the tree dies after its 
bark is taken off, thus it has been difficult to easily obtain a 
large amount of taxol. it would be advantageous If a taxane-type 
diterpene such ,13 taxol and barcatin ill which is a precursor of 
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taxci, can be produced by the use of tissue culture, sir.ce a lirce 

amount of taxol con be easily obtained without cutting down toe 
trees. • 

As a conventional method of producing taxol by utilizing 
cultured plant cells, a US patent was issued on a production method 
cultured cells of Taxus brevifolia NUTT (USP No. 
5,019,504). however, the yield of taxci production described 
therein is 1 - 3 mg/1, and that is insufficient for the industrial 
production. Besides, the production of t.-u-oi by the cell culture 
is unstable and even when a primary cell of high productivity tar. 
be obtained by selection, it is difficult to keep Its content by 

subculture CE.R.M.Wickremesineetal.. World Congress on Cell and 
Tissue Culture (1992)). 

On the other hand, as a prior art in the taxol production. a 
semi synthetic method from baccatin III. which is a precursor in 
biosynthesis of taxol. is disclosed in the specification of USP No. 
5.015,744 issued to Holton et al. By the use of the plant tissue 
culture, a raw material for the semisynthetic process such as 
baccatin III can be produced, thus the plant tissue culture can be 

also utilized for taxol production by the above-mentioned 
seuilsynthetlc process. 

Disclosure of Invention 

The first object of the present invention ls to provide, j .iiirpl,. 

method of producing a ..ix.ino- typo <11 terpen., by pUnt tissue 
culture. 

The second object ol the present invention I «j to provide , ( 


- ?. - 
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method of obtaining cultured cells which produce a taxane-type 
diterpene at a high rate. 

The first invention of the present application is i method cf 
producing a taxane-type diterpene wherein a tissue or a cell of a 
plant which produces a taxane-type diterpene is cultured in the 
presence of at least one substance selected from the group 
consisting of jasmonic acids, compounds containing a heavy metal, 
complex ions containing a heavy metal, heavy metal tons, amines and 
antiethylene agents, then the taxane-type diterpene is recovered 
from the resulting cultures. 

The second invention of the present application is a method of 
producing a taxane-type diterpene wherein a tissue or a cell of a 
plant which produces a taxane-type diterpene is cultured by 
controlling the oxygen concentration in a gas phase in i culture 
vessel to less than the oxygen concentration in the atmosphere, 
from the initial stage of the culture, or by controlling the 
dissolved oxygen concentration in a fluid medium which is in 
contact with the tissue or the cell to less than the saturated 
dissolved oxygon concentration at that temperature, from the 
initial stage of the culture, then the taxane-type diterpene is 
recovered from the resulting cultures. 

The third invention of the present application is a method of 
obtaining cultured colls which produce a taxane-type diterpene at 
a high rate, wherein cells of a plant which produces a taxane-type 
diterpene am tract lonated into a plurality ot Layer:! according in 
the til r terence In their specific gravities, and cell.: contained in 
at leant one l ayet are cultured, tlmn such cultured eelL:; that. 


J 
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produce the taxane-type diterpene at a high rate are selected frcm 
among ;..ose cultured cells. 

The present invention will be described in further detail. 

The taxane-type diterpene, which is an object for the present 
inventi.cn, is not particularly limited to any diterpene as far as 
it has a taxane skeleton, and the illustrative examples include 
taxol, 7-epitaxol, baccatin III, 7-epibaccatin III. 
cephaicmannine, 7-epicephalcmannine, 10-deacetylbaccatin III, 
10-deatatylcephaiomannine, 10-deacetyl taxol , taxagifine, an 
analogue thereof, taxane la, an analogue thereof, xylosyl 
cephaicmannine, xylosyl taxol and the like. 

Examples of the plant to be used in the present invention which 
produces the taxane-type diterpene are those belonging to genu.? 
Taxus, such as Taxus baccata LINN, Taxus cuspidata SIEB. et ZUCC, 
Taxus cuspidata SIEB. et ZUCC var. nana REHDER, Taxus brevi folia 
NUTT, Taxus cenadlensis MARSH, Taxus chinensis, and Taxus media. 

According to the first invention of the present application, 
culture of the above-mentioned plant can be carried out by the 
previously known method except that the tissue or the cell of the 
plant which produces the taxane-type diterpene is cultured in the 
presence of at least one substance selected from the group 
consisting of Jasmonic acids, compounds containing a heavy metal, 
complex Ions containing a heavy metal, heavy netai Ions, amines and 
inti ethylene agents. 

ExjmpLes ol jasmonic .ic id:;, which are object:; tor the tirut 
Invention of the present application. Include a com pound 
repiie;**nted by the general tozmuUi (l); 

- 1 - 
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R * R- 

; i 

_ 4 5 

■ V n r" 


R i 


R, 


( I ) 


[where. r.. R , R - , r 1c , R* 4 , r'* and R u respectively represent 
hydrogen atom, hydroxyl group, alkyl group having 1 to 6 carbon 
atoms, cr alkoxy group having 1 to 6 carbon atoms; 

R 1 . R‘, ?*. R* and R“ respectively represent hydrogen atom or alkyl 


group having 1 to 6' carton atoms; 

a side chain consisting of C‘- C»- C> - C* - C’ - C‘ may contain one or 
more double bends; 


R 4 * represents hydroxyl group or -0- carbohydrate residue; 

R- represents hydroxyl group, 0M (wherein M is alkali metal atom, 
alkaline earth metal atom or NH,). MHR* (wherein R* represents 
hydrogen atom, acyl group having 1 to 6 carbon atoms, alkyl group 
having 1 to 6 carbon atoms or amino acid residue), OR* (wherein R* is 
alkyl group having 1 to 6 carbon atoms or carbohydrate residue), or 
alkyl group having 1 to 6 carbon atoms; 
n is an integer of 1-7; 

and in the above-mentioned five-membered ring, a double bond may be 
formed between the neighboring member carbon atoms), 
a compound represented by the general formula (II): 




R" r” (CH. ) , -CO-R’ 


[wherein. R-“, R lb , R'"\ R 1J . Ri * and R “ r«»P*=tively represent- 
hydrogen atom, hydroxyl group. alkyl group having 1 to 6 carton 
atoms, or alkoxy group having 1 to 6 carbon atoms; 

R : . R\ R 4 . R‘ end R‘ respectively represent hydrogen atom or alkyl 

group having 1 to 6 ’carbon atoms, 

a side chain consisting of C‘- C 1 - C> - C* - CV- C* may contain one or 
more double bonds? 

r' represents hydroxyl group, OM (wherein M is alkali metal atom, 
alkaline earth metal atom or NH,). NHR* ( wherein R* represents 
hydrogen atom, acyl group having 1 to 6 carbon atoms, alkyl group 
having 1 to 6 carbon atoma or amino acid residue), OR* (wherein R* is 
alkyl group having 1 to 6 carbon atoms or carbohydrate residue), 
or alkyl group having 1 to 6 carbon atoms; 
n is an integer of 1-7; 

and in the above-mentioned f ive-membered ring, a double bond may be 
formed between the neighboring member carbon atoms), 
and a compound represented by the general formula (III): 


* 6 - 
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.c 4 ,,c* 

x c * 

ft 

I 

n t 


■III) 


[wherein, R u , R* b , R u , P*" and R* 1 respectively represent 

hydrogen atom, hydroxyl group, alkyl group having 1 to 6 carbon 
atoms, or alkoxy group having 1 to 6 carbon atoms; 

R : , R\ R\ R‘* and R 4 respectively represent hydrogen atom or alkyl 


group having 1 to 6 carbon atcras; 

a side chain consisting of C 1 - C 2 - C 2 - C 4 - C 4 - C 4 may contain one or 
more double bonds; 

R' represents hydroxyl group, CM (wherein M is alkali metal atom, 
alkaline earth metal atom or NHJ, NHR 4 (wherein R* represents 
hydrogen atom, acyl group having 1 to i carbon atoms, alkyl group 
having 1 to 6 carbon atoms or amino acid residue), 0R f (wherein R* is 
alkyl group having 1 to 6 carbon atoms or carbohydrate residue) , or 
alkyl group having 1 to 6 carbon atoms; 
n Is an integer of 1-7; 

and in the above-mentioned f ive-membered ring, a double bond may be 
formed between the neighboring member carbon atoms] . 

Preferable examples of Jasmonic acids represented by the 
above-mentioned general formula ( I ) include a compound represented 
by the general formula ( 1 * ) ; 


- 7 - 
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(wherein, R* represents hydrogen atom or hydroxyl group: 

a side chain consisting of C'- C 1 - C* - C* - C 4 - C‘ may contain a 

double bond between C* and C 2 , between C 2 and C : . or between C’ and C‘; 

R“ represents hydroxyl group or -0- carbohydrate residue: 

R' represents hydroxyl group, 0* (wherein M is alkali metal atom, 

alkaline earth metal atom or NH,). NHR* (wherein R* represents 

% 

hydrogen atom, acyl group having 1 to 4 carbon atcms, alkyl group 
having 1 to 4 carbon atoms or amino acid residua ) or OR* ( wherein R* 
represents alkyl group having 1 to 4 carbon atoms or carbohydrate 
residue); 

n is an integer of 1-7; 

and in the a^ove- mentioned five-membere^ ring, a double bond may be 
formed between the neighboring member carbon atoms] , and preferable 
examples of jasmonic acids represented by the above-mentioned 


general formula (XI) include a compound represented by the general 
formula ( II • ): 

OH 



e\ .c 

X C‘ X 


(in 


(CH, ) ^ -CO-R” 

[wherein, R* represents hydrogen atom or hydroxyl group; 
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a side chain consisting of C ; - C*- C’ - C 4 - C - C" may contain a 
doude bend between C ; and between C 2 and C\ or between C J and C 4 ; 
R 7 represents hydroxyl group, OM (wherein S is alkali metal atom, 
alkaline earth metal atom or NH,), NHR* (wherein R" represents 
hydrogen atom, acyl group having 1 to 4 carbon atoms, alkyl group 
having 1 to 4 carbon atoms or amino acid rosiiue) or OR*' ( wherein R' 
represents alkyl group having 1 to 4 carbon atoms or caroohydrate 
residue); 

n is an integer of 1-7; 

and in the above-mentioned f i ve-membered ring, a double bond may be 

formed between the neighboring member carbon atoms] , and preferable 

♦ 

examples of jasmonic acids represented by the above-mentioned 
general formula ( 111 ) include a compound represented by the general 
formula ( III * ) , 


0 



(CH, ) . -CO- R” 

[wherein, R 1 ' represents hydrogen atom or hydroxyl group; 
a side chain consisting of C l - C J - C* - C 4 - c* - C* may contain a 
double bond between C 1 end C J , between C‘ and C‘, or between C' and C 4 ; 
R' represents hydroxyl group, om (wherein M is alkali metal atom, 
alkaline earth metal atom or NH, ), NHR* (wherein R“ represents 
'hydrogen atom, acyl group having 1 to 4 carbon atoms, alkyl group 
having 1 to 4 carbon atoms or amino acid residue) or OR' (wherein R' 
represents alkyl group having l to 4 carbon atoms or carbohydrate 
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r®r idue > : 

n is an integer cf 1-7; 

and in the above-mentioned f ive -membered ring, a double bond may be 

formed between the neighboring member carbon atoms]. 

% 

In the above-mentioned general formulae (I), (II) and (III), 
examples of alkyl group having 1 to 6 carbon atoms represented by 
R\ R ; \ R R'\ R ; \ R* ! , R\ R*. R‘, R\ R’*, R\ R‘ or R* Include, 
for example, methyl, ethyl, n-propyl. isopropyl, n-butyi, isobucyl, 
sec-butyl, t-butyl, n-pentyl, and n-hexyi groups. 

In the above-mentioned general formulae (1), (II) and (III), 
examples cf alkoxy group having 1 to 6 carbon atoms represented by 
R* 4 , R* 3 . R 14 , R : * or R u include, for example, methoxy, ethoxy, 

n-propoxy, isopropoxy, n-butoxy, iscbutoxy, sec-butoxy, t-butoxy, 
n-pentylcr.y and n-hexyloxy groups. 

When R ? is OM, examples of an alkali metal atom or an alkaline 
earth metal atom represented by M include, for example, sodium, 
potassium and calcium. 

When R r Ls NHR 1 , the acyl group having 1 to 6 carbon atoms 
represented by R* may have either a straight chain or a branched 
chain, and their examples include, for example , formyl, acetyl, 
propionyi, butyryl, valeryl, hexancyl and acryioyi groups. 

When ?.’ is NHR*, examples of an iraino acid residue represented 
by R* include isoleucyl, tyrcsyl, end tryptcpnyl groups. 

When ?. is OR*, an example of a carbohydrate residue represented 

a 

by R * is glucupyranosyl group. ar.J wr.en if is -o- cut hohydi .it u 
residue :r> ’the - above -met it toned general tormul.i • : j, .in exam;*!*? 
a carbohydrate residue is •jlucopyr inosy 1 group. 


- 10 
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general formula (II) include those shown as follows; 
( Compound E ) 

OH 



(Compound F) 


OH 





( methyl cucurbate ) 


(Compound G) 


OH 



(Compound H) 


OH 



Illustrative examples of the compound represented by the 
general formula (III) Include those shown as follows; 

( Compound l ) 

II 1 *, M»'\ R 1 * . R‘ \ R 1- , H‘\ II', IV. u\ ir : u 
A double bond Is fanned bul.weun C‘ and C* . 


12 - 
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R ? : -OH or -OCH ; 
n: : to 3 
( Compound j) 

H l \ R'\ R lc , R iJ , R‘*, R w . R*. R\ R\ R 5 , R* : H 
R : -OH 
n: 1 

Illustrative examples of the compound represented by the 
general formula (III) wherein R u . R‘ b . r‘% r'\ r<* or R w i8 hydroxyl 
group, or a double bond is formed between the neighboring member 

carbon atoms in the f ive-membered ring, include those shown as 
be lew ; 

* 

( Compound K ) 



(CII, ) „ -COOK 


(I) n =* 1 , Rail 
(21 n = 7 . R a || 

(31 n a 7 . R a 0 || 

(Compound L ) 

O 



Ml U •: II 
Cl It =(1)| 


1 I 



.2153986 



( Compound M ) 

0 



v'C Hi ) r -COOK 


( Compound N ) 


O 



\ 

•' (C II* ) * -COO II 


Preferable examples of a compound represented by the general 
formula (I), (II) or (III) include the compounds wherein R'\ R**, 
R u \ R u , R‘*, R u , R*‘ , R ‘ , R* , R* and R** are hydrogen atoms, R is 
hydroxyl group cr methoxy group, and a side chain consisting of C l - 
C J - C 1 - C 4 - C* - C* does not contain a double bond, or contain a 
double bond between C 1 and C*, between C l and C\ or between C 1 and C 4 . 

Jasmonlc acids to he used in the present invention which are 
represented by the general formula (I), (II) or (III) have various 
stereoisomers (cis-trans Isomers and optical Isomers), and each 
Isomer can bo used alono or in tho form of a mixture. 

Ail of the Jasmonlc acids shown above have the ail net ot 
lutpi ov L n«] the produr t: Lv t t:y i n t.hu taxunit- type diterpen** product. iun, 
hnwHvnr, t uucrnn u: .to i tl , methyl tulunonate, cucurbit: .u:UI, m*» t tiy t 
, mom li.it «*, ). i:.nu >n l e .tcid .uid methyl which .ii»* tin* 

cunipt Hindu t npi ml liy the jeiuiil toimul.i tl), (11) «n ‘ill* 


W - 
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wherein R . R'“ . R", R' J , R - ", R - , R*, H', r*. r' and R 1 are hydrogen 
atoms. R" is hydroxyl group or methoxy group, n is 1, and a double 
bond is formed between C‘ and C\ are particularly preferable from 
the view point of their high effectiveness in improving the 
productivity. 


.hese Jasmonic acids are prepared by synthesis or extraction 
and the like from a plant (H.Yamane et al. Agric. Biol. Chem., 44 . 
2857-2864(1980)). 

By the way, there is a description teaching that jasmonic acids 
are produced by various plants by themselves as a phytohormone- like 
substance which induces various reactions related to growth 
promotion, maturation of tissue and appearance of resistance to 
disease (Teruhlko Yoshihara. Shokubutsu Sal bo Kogaku , Voi 2, No. 4 
523-531 ( 1990) ) . 


Accordingly, the Jasmonic acids involved in the present 
invention, can be not only added from outside of the culture system, 

t 

but also produced by the cultured cells or cultured tissues by 
themselves. An example of a method to promote the production of 
such endogenous Jasmonic acids by the cultured cells or cultured 
tissuos includes addition of microorganism cultures, an extract or 
a heat-treated substance thereof, or a plant extract to a culture 
medium, and an illustrative example of such a method is a process 
of adding a fungus cell wall fraction described by M.J. Mueller ft 
al., 1‘roc. Natl. Acad. Mel. li.M.A., 'to (K>|, 74'l() -V4'M ( I't'l I ) j . 
It In also ponalLlo t:o Incruaan Mm .luiount <>l Mm priMliiueU 


ciuliHji-ni hi:; laaimmli: act. I by pa. U.,1 ly , : „l o.lla ... 


ciiUukhI t :.;aii<i:( iiiei:lianh:.il ly, or with iiUi.iviut.it 


r.iyw. or liu.it 


15 • 





.2153986 

and one illustrative example of such a process is mechanical 
cy toclasis of a part of cells (R.A. Cleeman et al., Proc. 

Acad. Sci. U.S.A., 89(11), 4939-4941 (1989). 

Since jasmonic acids are hardly soluble in water, they are 
usually dissolved in an organic solvent such as ethanol and 
methanol or dissolved in a surfactant and the like, then added to 
a culture medium. Jasmonic acids in liberated form can be used as 
they are. or they are used in the form of a salt by being 
* neutralized with an alkali. 

Of the jasmonic acids, those compounds represented by the 
formula (I) or (III) tend to be in stable trans- form rather than 
unstable cis-form, since epimer ization occurs at the alpha-position 
to the carbonyl group in the f ive-membered ring by an acid, an 
alkali or heat. In an equilibrium experiment utilizing natural or 
synthesized jasmonic acids, the trans-forra is present in the ratio 
of 90 % and the cis-form is present In the ratio of 10 I. Generally, 
cis-form is considered to have a higher activity, but jasmonic 
acids to be used in the present invention include all the 
stereoisomers of the compounds represented by the above-mentioned 
formula (X) or (III), and the mixture thereof. 

Jasmonic acids ate required to have a concentration in a culture 
medium of 0.01 - 1000 |iM, and it 19 particularly preferable, 

according to the first Invention of the present application, ro 
control the concent t at Ion of the jasmonic acids to he in the range 
ot 0. I to *><)<) pM. 

Induct ten ol mime seoondai y me tabu 1 1 tea by add 1 1 ion ot Jasmvn i c 
acids to p l ant t:e t l cu times is described in I)IC 4 l .'.J.UUI O t . howevei . 


1 f» 
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I 

i 

I 

I 


thei ;• have been no reports on carrying .out tissue culture of a 
taxane-type diterpene producing plant in the presence of jasmomc 
acids as a medium additive, and it has been beyond all expectations 
that the amount of the produced taxane-type diterpene, which has 
totally different biosynthetic pathway or biosynthesis control! ing 
mechanism from those of the secondary metabolites disclosed in the 
above-mentioned patent, was increased by the method of the first 
invention of the present application. 

There is a description in the International Publication WO So. 
93/17121 that jasmone or methyl jasmone, which has a structure 
analogous to those of jasmonic acids represented by the formula 
(X). ( II ) or ( HI ) to be used in the present invention, is effective 
in induction of taxol production. However, these compounds do not 
have a group such as carboxyl, which is represented by the formula: 
* ( ) tl -CO-R 7 in the formula (I), (II) or (III), unlike the Jasmonic 
acids, and the taxol inducing activity of these compounds was found 
to be low (see Comparative Example No. 24). 

The heavy metals, which are objects for the first invention of 
the present application, are not particularly Limited to any heavy 
metal as far a9 it belongs to the copper group or the iron group, 
however, as the metal belonging to the copper group, the use of 
silver is particularly preferable, and as the metal belonging to 
the Iron group, the use of cobalt la particularly preferable. In 
addition to that, when silver or cobalt is used. It la pretei.ibly 
umimI In the form ol a compound containing the said heavy metal, a 
complex ion containing the said metal or In the tontt ut the said 
met. a l inn. These compounds can he used alone or In combinat ion. 


17 
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Illustrative examples of the compound containing silver include 
silver nitrate, silver sulfate, silver fluoride, silver chlorate, 
silver perchlorate, silver acetate, silver sulfite, silver 
hexafluorophosphatel V), silver tetraf luoroborate. diamine 
silver(I) sulfate, potassium diaminoargentatei I ) and the like. 
Among these, particularly preferable compounds can be exemplified 
by °ilver nitrate, silver sulfate and the like. 

Illustrative examples of the complex ion containing silver 
include [Ag(S i O J ),] i *. [Ag< S 2 0, ) J*\ [A 3 (NH s )’)' # ( Ag ( CN ) > ] ’ , 

[AgfCN)J‘\ (Ag(SCN),]*. (Ag(SCN),)'- and the like. Among these, 
particularly preferable complex ions can be exemplified by 
[Ag(S i O J ) J ] , \ [ Ag( S 2 0, ) ,]*’ and the like. 

Illustrative examples of the compound containing cobalt irclud* 
cobalt chloride, cobalt nitrate, cobalt sulfate, cobalt fluoride, 
cobalt perchlorate, cobalt bromide, cobalt iodide, cobalt selenate. 
cobalt thiocyanate, cobalt acetate, ammonium cobalt sulfate, 
cobalt(Il) potassium sulfate, hexaamminecobalt( III ) chloride, 
pentaammineaquacobalt( III ) chloride, nitropentaamminecobalt ( III ) 
chloride, dlchlorotetraammlnecobal t( III ) chlorldo hemihydrate, 
dinitrotetraamminrscobaltt III ) chloride, 
carbonatotetraammlnocobaltf III ) chloride, 
ammonium tetranitrodlamminecobal ate( 1 1 1 ) , 

sod l um hexan 1 1 rocoh.i L r .1 to< III), 

trim ollty lei toil i ami tut )<:obnl t( it I ) chloride triliydr.Hi}. 
(|lchlorobis( nthy li*ni*dl.iinLiio )colhtlt( 1 1 1 ) chloride, 

pr)tas?j l um tr Isii oxn L.it o Jcoha ti.iiel III) tr i hydra to, 
poL.ifiM luiii hox.tcy.muooUil L.«l.u( til j. 


III - 
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potassium ( ethylenediaminetetraacetatc )cobaltate( III ) dihydrace. 
hydridotetracarbonylcobalt( I ) , 

dicarbonyl ( cyclopentadienyl )cobal t( I ; , octacarbonyldicobalt ( 0 ) . 
hexacarbonyl( acetylene )dicobalt( 0 ) , 
bis{ cyclopentadienyl )cobalt( I ) , 

(cyclopentadienyl )( 1, 5 -cyclooctadiene ) cobalt ( I) and the like. 
A.Tiong these, particularly preferable compounds can be exemplified 
by cobalt chloride, cobalt nitrate, cobalt sulfate and the like. 

Illustrative examples of the complex ion containing cobalt 
include pentaammineaquacobalt ion. nitropentaaaminecobalt ion. 
dichlorotetraamminecobalt ion. dinitrotetraamminecobai t ion. 
carbonatotetraamminecobalt ion. tetranitrodiamminecobalt ion. 
hexani trocobalt ion. tris< ethylenediamine )ccbal t ion, 
dichlorobis( ethylenediamine )cobalt ion. tris( oxalato )cobalt ion. 
hexacyanocobalt ion, ( ethylenediaminetetraacetato ) cobalt ion and 
the like. 


Of the said heavy metals, the compound containing silver, the 
complex ion containing silver or the silver ion preferably has a 
concentration in the medium of lO* - 10‘ 1 M, and it is further 
preferable to adjust tho concentration to be in the range of 10 u 
to 10'M. The compound containing cobalt, the complex Ion 
containing cobalt or the cobalt Ion preferably has a concern 1 1 . 1 t ion 
in the medium of 10 b - 10 l M, and It iu further preferable to adjust 
tne concent rat ion to be In r.hu range ot 10 "* to 10*M. 

So tar, fliiiii! .in; no c.i:a«i reported whiuclii tlin tl:i:;u.i , ;u | Ul ,.. 
a plant: pi o.lnoi,,,, a taK.in.i - 1 yp., .ti pan,, t-, ad 

l.rowMiuti ol .• owipoim.! oont ai nl.,., -.Ilvii., a I. 
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silver or silver ion as an additive to the medium. Although 
compounds containing cobalt, or cobalt ions are contained as one of 
the medium components for such a medium that is generally used as 
a medium for the tissue culture of a plant belonging to genus Taxus. 
such as Linsmaier-Skoog medium. Murashige-Skoog medium, and 
Gamborg * s B-5 medium, they are used at a concentration of 1 . i 0 - M 
- 4 x 10- M [Growth and breeding of a woody plant, edited by the 
latest biotechnology complete works editors committee. Nogyo Tosho. 
P265-263 ] , which is a much lower concentration than those used in 
the method of the present invention. In the meantime, there are no 
cases reported wherein the tissue culture of a plant producing a 
taxane-type diterpene is carried out in the presence of a compound 
containing cobalt or cobalt ions of such a high concentration that 
is used in the first invention of the present application. Just like 
the case with the above-mentioned siiver compound. In addition to 
that, it was beyond all expectations that the amount of the taxane- 
type diterpene to be produced is increased by the culture carried 
out In the presence of such heavy metals. 


bllQ 1 1131 






iLauon, o' 

amines we refer to an amine or a salt thereof. As the amines, whicl 
are the objects for the first invention of the present application 
both monoamines and polyaminos can be used, however, the use „ 
po l y.im l non iu p.irt isuUir ly prof crab Le . 

In add i t ion to that, examples of the amines, which ate rh. 
oh, acts for t he . Irnt invention of the present application. Inclu.h 

mnUK •» IMit oi atoms i„ u „ 

a.kyl ...oup may he -m.mt , „ y hydroxyl such a:, methyl 
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amine , ethyl amine, dimethyl amine, diethyl amine, triethyl amine, 
diethanol amine, triethanol amine or a salt therecr; 
polymethylene diamine wherein the polyraethy lene moiety may be 
interrupted by imino group, and H in the amine group can be 
substituted by lower alkyl grbup', such as putrescir.a, cadaver ine, 
spermidine, spermir., ethylenediamine, N, N-diethyl-1 , 3-propane 
diamine, triethylene tetramine, or a salt thereof: cyclic alkyl 
amine such as cyclopentyl amine, cyclohexyl a.~ine or a salt 
thereof, or a cyclic amine such as methenamine and piperazine, or 
a sait thereof. Among these amines, preferable amines can be 
exemplified by polyamines such as putrescine [NH,( CH 2 ),NH 2 ) , 
cadaverine [NH>< CH : ).NHJ , spermidine [NH 2 <CH. ) ,nh< CH s ) 4 NH : ) . spermin 
[ NH^( CH, ) jNH( CH, ),NH( CH 2 ) ,NH ; ] , ethylene diamine [NH,( CHJ t NH>] , 
N, N-diethyl-1, 3-propane diamine [ (C 2 H S ) 2 N( CH 2 ) jKHJ , diethylene 
triamine [NH 2 (CH 2 ) 2 NH< CH 2 ) 2 NH 2 ] and the like or a salt thereof. 

The said amines preferably have a concentration in the medium 
of 10* a M - 10* l M, and it is further preferable to adjust the 
concentration to be in the range of 10' 7 M to 10‘ 2 M. 

One illustrative example wherein a secondary metabolite Is 
shown to be induced by addition of amines to the plant tissue 
cultures is shown In Japanese Patent Laid-Open Publication No. 
4-7.62788 wherein indole alkaloid production i* shewn to be induced 
by addition of amines to cultured cells of Ca th* run thus rose us. 
However, chert* are no cases reported wherein the tissue culture ot 
,i plant, producing t.uxenn- i yl*** -II terpens, which Is i different plant 
species from that ot Cat ha rah thus rosous, was carried out in the 
presence ot aminos as an additive to rhn medium, and It was beyond 
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ali expectations that the amount of the taxar.e-type diterpene. 
which has a totally different biosynthetic pathway from that of the 
indole alkaioid, to be produced can be increased thereby. 

The antiethylene agent, which is an object for the first 
invention of the present application ik not particularly limited to 
any specific substance as far as it is a substance which inhibits 
the ethylene biosynthesis mechanism of the cultures and/or a 
substance which removes the ethylene remaining in the cultures or 

existing in the gas phase or in the medium in the culture vessel 
containing the cultures. 


Illustrative examples of a method to inhibit the ethylene 
biosynthesis mechanism include a method of inhibiting the activity 
of an enzyme which catalyzes the co.-.version of S-adenosyl- 
methionine into 1-aminocyelcpropane-l-carboxylic acid, and a 
method of inhibiting the activity of an enzyme which catalyzes the 
conversion of 1 -aminocyelopropane-1 -carboxylic acid into ethylene, 

end illustrative examples of the compound having the former 
function include, amlnoxyacetic acid, acetylsallcylic acid. 
Rhizobl toxlne, aminoethoxyvinylglycine. methoxyvinylglycine. 
a-aminoisobutyric acid, 2, 4-dinltrophenol and the like. They can 
also Include a salt, an ester, an amino acid derivative and a 
carbohydrate derivative of the said compound. 

Illustrative examples of the salt include sodium, potassium, 
calcium, and magnesium salts. Illustrative examples of the ester 
include methyl, ethyl, propyl, und'tutyl outers, illustrative 
examples el the amine acid derivatives Include glycine, methionine, 
end phenylalanine derivatives, and Illustrative examples of the 
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carbohydrate derivative include glucose and maltose derivatives. 
The salt, ester, amino acid derivative, carbohydrate derivative 
according to the present invention are not limited to the 
above-mentioned compounds. 

I llustra cive examples of the compound having the latter 
function include gallic acid, a salt, an ester, an amino acid 
derivative and a carbohydrate derivative thereof [Hiroshi Hyodo, 
Society of Horticulture Autumn Convention 1987 Symposium Summary, 
P* 122. Susumu Kuraishi, Phytohormone, Tokyo University 
Publication, p.lll]. 

Illustrative examples of the salt include sodium, potassium, 
calcium, and magnesium salts, illustrative examples of the ester 
include methyl, ethyl, propyl, and butyl esters, illustrative 
examples of the amino acid derivatives include glycine, methionine, 
and phenylalanine derivatives, and illustrative examples of the 
carbohydrate derivatives include glucose and maltose derivatives. 
The salt, ester, amino acid derivative, carbohydrate derivative 
according to the present Invention are not . limited to the 
above-mentioned compounds. 

Illustrative examples of the substance which removes the 
ethylene remaining in the cultures or existing in the gas phase or 
the medium In the culture vessel containing the cultures include 
1 , 5-cyclooctadieno and lsothiocyanic acid, a salt, an ester (such 
an .illyl isothiocynnnce and honzyl isothlocyanar-'.|, an amino acid 
derivative and a carbohydrate derivative thereof (Megumi Munakata. 
Ctiuinicol control in plants, 29(1). QO-03 (1994)]. 

Illustrative examples of the salt include sodium, potassium. 
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calcium, and magnesium salts, illustrative examples of the ester 
include methyl, ethyl, propyl, butyl, and allyl esters, 
illustrative examples of the amino acid derivatives include 
glycine, methionine, and phenylalanine derivatives, and 
illustrative examples of the carbohydrate derivatives include 
glucose and maltose derivatives. The salt, ester, amino acid 
derivative, carbohydrate derivative according to the present 
invention are not limited to the above-mentioned compounds. 

The antiethylene agent is required to have a concentration ir. 
a culture medium of 10'*M - 10* : M, and it is particularly preferable 
to control the concentration of the antiethylene agent to be in the 
range of iO^M to 10' 2 M. 

It is known that ethylene is one of phytohormones, and involved 
in various physiological phenomena caused in the plant, such as 
growth of individium, morphogenesis, and aging. A report by Kim, 
Oong II et al., Biotechnol. Bioeng., 38(4), 331-339 (1991) is an 
illustrative example wherein ethylene is utilized for improving the 
productivity of the secondary metabolite by the plant. However, in 
all the examples wherein controlling of ethylene is utilized fc: 
improving the productivity of the secondary metabolite, it ia rhe 
control of ethylene supply to the plane tissue cultures, as 
typically shown in the above-mentioned report, and so far ther:? 
have been no cases reported ir. which the control to inhibit the 
q thy lone production is utilised to improve tne production of t.\u 
secondary metabolite, like the method of the present invention. 

In addition to t hat, the ant iethy lene agent is gem* r.t-L : ■/ 
utilized as a freshness keeping agent for flowers, fruit:; ai.J 
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vegetables, however, there have been no cases reported wherein the 
ar.tiethylene agent is used for the purpose of imrrcving the 
production of the secondary metabolite. 

Under thes*' circumstances, the present inventors ascertained 
that ethylene greatly inhibits the production of the taxane-type 
diterpene by the tissues and the cells of the taxane-type diterpene 
producing plant. Accordingly, based on the above-mentioned 
finding, the inventors cultured the said tissue cultures in the 
presence of the antiethylene agent, and found out that the 
antiethylene agent not only controls the above-mentioned inhibition 
tut also remarkably improves the amount of the taxane-type 
diterpene resulting from the cultures. There have been no cases 
reported wherein the production of the taxane-type diterpene is 
induced by culturing the tissue cultures of a plant producing 
taxane-type diterpene in the presence! of an antiethylene agent, and 
it was beyond all expectations that the productivity of the above- 
mentioned secondary metabolite can be even increased by the method 
of the first invention of the present application. 

Examples of the medium to be used for the first invention of the 
present application include those known media which have been 
conventionally used for the plant tissue culture, such as medium of 
Murashlge & Skoog (1962), medium of Llnsmaier Skoog (1965), Woody 
Plant Medium ( 1981 ) , Gamborg * s B-5 medium and Mitsui ' s M-9 medium. 

A phytohormone, and if necessary a carbon source, an Inorganic 
component, vitamins, amino acids and the like may bo added as well 
to those media. 

As a carbon source, a disacchai ide such its sucrose, r.iit.oue, .m«t 
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lactose, a monosaccharide such as glucose, fructose and galactose, 
starch or a mixture of two or mere kinds of such sugar sources mixed 
at an appropriate ratio can be utilized. 

As an inorganic component, illustrative examples include 
phosphorus, nitrogen, potassium, calcium, magnesium, sulfur, iron, 
manganese, zinc, boron, copper, molybdenum, chlorine, sodium, 
iodine and cobalt, and these components can be added in the form of 
such a compound as potassium nitrate, sodium nitrate, calcium 
nitrate, potassium chloride, potassium monohydrogenphosphate, 
potassium dihydrogenphosphate, calcium chloride, magnesium 
sulfate, sodium sulfate, ferrous sulfate, ferric sulfate, manganese 
sulfate, zinc sulfate, boric acid, copper sulfate, sodium 
molybdate, molybdenum trioxide, potassium iodide, cobalt chloride 
and the like. 

As the phytohormone, for example, auxin such as indoleacetic 
acid (IAA), naphthalenacet ic acid < NAA ) . and 2, 4-dichlorophencxy 
acetic acid (2,4-0), and cytokinin such as kinetln, zeatin, and 
dlhydrozeatln can be used. 

As the vitamins, for example, biotin, thiamin (vitamin Bl), 
pyridoxine (vitamin B6), pantothenic acid, inositol, nicotinic acid 
and the like can be used. 

As the amino acids, for example, glycine, phenylalanine, 
leucine, glutamine, cysteine and the like can bo added. 

Generally, the carbon source In a concentration of about l - 
about 30 g/l , the Inorganic component In a concentration of about 
0.1 pM - about 100 mM, tint phytohoi monos in a concentration ot ahn.it 

” about It) pM, air.l t tin vitamins anil t.lm amino acid'; 
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respectively in a concentration of about 0.1 - about 100 mg, 1 ace 
used. • 

According to the present invention, both a liquid medium and 
such a solid medium that contains agar and gelan gum normally in an 
amount of 0.1 - 1 % can be used, however, usually a liquid medium is 
preferable. 

According to the tissue culture of the present invention, a 
piece of a tissue or a cell of a root, a growing point, a leaf, a 
stem, a seed, a pollen, an anther and a calyx and tho like of the 
said plant or cultured cells which are obtained by the tissue 
culture thereof in the above-mentioned medium nr another 
conventional medium can be used. 

The present invention can also be applied to neoplastic cell 
and/or hairy-root, obtained by Infecting a plant tissue with 
Aqrobacterlum tumefaeiens or Agrohacteriuin rh isogenes. 

By culturing these tissues or cells in the presence of at least 
one substance selected from the group consisting of Jasmonic acids, 
compounds containing a heavy metal, complex ions containing a heavy 
metal, heavy metal ions, amines, and antiethylene agents, cultured 
tissues or cultured colls having higher taxuno-typo diterpenu 
productivity than that of thoso obtained by thu tlssuu culture 
carried out under the normal culture conditions, can bo obtained. 


wfiiwii at xuout ono compound 







a heavy mot.il, complox Ions containing a heavy metal, heavy met. 
ions, amines, and ant lathy lent: agents Is need together wll 
lasmoii I e acids i ept esnnted by the ahuve-ment loned general until. 
(I), III) or (til), the oltuct or the tiist Invention tl 
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present application can be enhanced. 

Taxane-type diterpene can be fractionated from the cultures 
such as cultured tissues, cultured cells and culture medium, which 
are obtained according to the above-mentioned process, by 
extraction with an organic solvent such as methane!. It is also 
possible to recover the taxane-type diterpene continuously durinq 
culture by allowing an appropriate adsorbing agent or an organic 
solvent coexist in the culture medium. 

One preferable example of the tissue culture according to the 
present invention can be illustrated as follows. 

A piece of a plant body of a plant belonging to genus Taxus. 
such as a root, a growing point, a leaf, a stem, a seed and the like 
is sterilized and placed on Woody Plant Medium solidified with 
gelan gum. and kept at 10 - 35 'C for about 14 - 60 days so that a 
part of the tissue piece is changed to callus. By subculturing the 
callus thus obtained, the growing speed is gradually increased and 
stabilized callus can be obtained. By the stabilized callus, we 
refer to a callus which remains In callus state during culture 
without showing differentiation into a shoot or a root and the cells 
of which have uniform growing speed. 

Such stabilized callus is transferred to a liquid medium, 
suited for the growth, such as liquid Woody Plant Medium and grown. 
The growing speed la further Increased In the liquid medium. 
According to Dus present Invention, the atnbi i l;*.ed callus or the 
ceils constituting the above-mentioned caLLus ate grown in a solid 
medium or a 1 1 ge tdined l tint in the presence of at least one substance 
selected fiom a group consisting of JasmunU: adds, compound:; 
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containing a heavy metal, complex ions containing a heavy metal, 
heavy metal ions, amines and antiethylene agents. And, it is also 
possible to fractionate the stabilized callus or the cells 
constituting the said callus into a plurality of layers according 
to the difference in their specific gravities ar.d grow the cells 
contained in at least one layer in a culture medium containing at 
least one substance selected from the group consisting of Jasmonic 
acids, compounds containing a heavy metal, complex ions containing 
a heavy metal, heavy metal ions, amines and antiethyler.e agents. 

In a generally known method to fractionate the cells according 
to their specific gravities, density gradient is formed by a medium 
for centrifugal separation, and the cells are layered over it, then 
centrifugal separation is carried out. 

As a medium for centrifugal separation. Ficoll. Percoll (both 
produced by Pharmacia LKB Biotechnology Co. Ltd..), sucrose and 
cesium chlortde and the like are used, in the examples including 
Example No. 5, the density gradient was produced by the use of 
Ficoll, however, the medium is not particularly limited to any 
substance as far as it does not damage the cells. 

The number of the layers forming the density gradient is not 
particularly restricted. The difference between the specific 
gravities of layers is not particularly limited and each difference 
in the specific gravity can bo the same or different. 

Accordingly, the duf ini t Ion of the density gi adient tooled.-:.. 
ca!,H wherein the gradient change:) cunt inuoiiul-/ ( the condition 
whom i n tho number of the layers) forming the density giadiont i :: 
clove to infinite, end thu spec it to gruvl ty di f t'ei once Lei ween .•ach 


2 ') 



.2153986 


layer is close to 0). 

The cells can be fractionated into a plurality of layers 
according to the difference in their specific gravities by thus 
forming the density gradient, layering the cells and carrying out 
the centrifugal separation. 

The specific gravity of the layer to be formed is normally in 
the range of 1.00 to 1.20 g/ml, preferably in the range of 1.03 to 
1.11 g/ml. As a layer to become an object for culture, at *east one 
layer is selected, but it is also possible to select all the layers 
and culture them. 

When a plurality of layers are selected and cells contained in 
the selected layers are cultured, it is possible to culture the 
cells in these layers individually, but, it is also possible to mix 
the cells in two or more layers of the selected plurality of layers 
and culture them. 

The cultured cells having high taxane-type diterpene 
productivity can be usually obtained by culturing cells contained 
in a layer having the specific gravity of 1.07 or less, but it is 
not always limited to this range, since it may fluctuate depending 
on the cclia to be cultured or the culture conditions. There is 
also a tendency that the cells in a layer of a nighor specific 
gravity, have a higher content of the taxane-type diterpene at the 
time when the f met iondt Ion Is carried out according to the 
difference in the specific gravities. Accordingly, to ensure that 
cu l taued cells which produce the tax. me- type dit.etpene at a high 
rate can 1.^ obtained. It i:i desirable that the eel In in .ill the 
I met. Iona ted layei s are eul luted for a certain period, then tins 
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concentration of the taxane-type diterpene in the cells of each 
lcyer is measured, and the layer containing the cultured cells 
which produce the taxane-type diterpene at a high rate is selected 
from among those layers. 

It is also possible to fractionate the cultured cells into a 
plurality of layers according to the difference in the specific 
gravities by preparing a medium for centrifugal separation having 
one particular specific gravity such as 1.07 g/ml, for example, and 
carrying out the centrifugal separation according to the above- 
mentioned method. 

Furthermore, the first invention of the present application can 
be used together with the method of the second Invention of the 
present application wherein the culture is carried out by 
controlling the oxygen concentration in a gas phase in a culture 
vessel to Less than the oxygen concentration in the atmosphere, 
from the initial stage of the culture, or by controlling the 
dissolved oxygen concentration in a fluid medium which is in 
contact with the tissue or the cell to less than the saturated 
dissolved oxygen concentration at that temperature from the initial 
stage of the culture. 

Mere, by tho initial stago of the culture, we refer to from the 
time when the culture was star tod through tho 7 th d.iy After rho 
•start of tlm culture, and tho controlling of tho oxygon 
cmtrontf at ion in tin* gas phase in the cuLluie vessel or tin* 
controlling of tho *1 1 . I vod oxygon confront: t al: ion In tin* fluid 
nit Mil nut which is in contact with the tissue or the coll is preferably 


i tom* t com the beginning of the culture. Tint control 1 leg per Led Is 
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net particularly limited, and, the controlling under the said 
conditions can be done in the entire culture period, or only in a 
part of the entire culture period, however, it is preferable to 
carry out the control at least for 3 days during the entire culture 
period. 

The oxygen concentration in the gas phase in the culture vessel 
is required to be controlled to 4 - 15 I, and it is particularly 
preferable to control it to 6 - 12 The dissolved oxygen 

ccr.centrat ion in the fluid medium is required to be controlled to 
1 - 75 % of the saturated dissolved oxygen concentration at that 
terperature and it is particularly preferable to control it to 10 
- 75 i. 

It is also possible to combine the first invention of the 
present application, the second invention of the present 
application and the third invention of the present application all 
together. 

According to the first invention of the present application, it 
is effective to add jasmonic acids when the cultured cells are in 
the exponential growth phase or In the stationary phase, and it Is 
particularly preferable to add jasmonic acids In a transitional 
period from the exponential growth phase to the stationary phase. 
The same can bo said of the timing of the treatment for increasing 
r !.»i .tmoiint ot the endogenous Jaumonlc acldo to he produced. For 
extmp 1 e , whence l l;i .no ••uhcul t.ur ml in every 21 dayu. the 7lh -With 
day i:» the su it. elite t l me tor add it ion ot the ) asmoti I c acid:; m the 
! : - iiuf|»t, liicteene t lie . iitinuiit ««( l;<^ } animistic aciil:; 

i h<! pioducod, and when the cells In the exponential growth phase. 
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for example those on the 7th - 14th day are to be subcuitured, the 
suitable time is immediately after the transplantation. The 
addition of the jasmonic acids or the treatment to increase the 
amount of the endogenous jasmonic acid to be produced can be done 
at a time, in a plurality of parts, or continuously. . • 

It is effective to add compounds containing a heavy metal , 
complex ions containing a heavy metal or heavy metal ions after the 
beginning of the culture and before the transitional period of the 
cultured cells from the exponential growth phase to the stationary 
phase, and it is particularly preferable to add them at the 
beginning of the culture. The addition of the said compounds or the 
ions can be done at a time, or in a plurality of parts. 

It is effective to add amines before the transitional period 
of the cells from the exponential growth phase to the stationary 
phase, and it is particularly preferable to add them at the 
beginning of the culture. The addition of said compounds can be 
done at a time or in a plurality of parts. 

It is effective to add antiethylene agents before the 
transitional period of the cells from the exponential growth phase 
to the stationary phase, and it Is particularly pteferablc to add 
them i mined Lately after the transition to the stationary phase. The 
addition of the said compounds can bn done at a time or in a 
plural l t.y ot parts . 

rim temper. ttur e lor I he tissue cut tan e according to the I list 
invent l<»n of tin* ptesent .tppl ic.it ion ij usually about ! - about i'i 
*C . and piiiteiahly about ,*.l - .bl *<: accepting to the high glowing 
speed. As tor the < :u 1 t lit e pel it m! , 14 - 47. days aio pi Ml ei able. 
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• When a liquid medium is used for the culture according to the 
first invention of the present application, the cultured cells can 
be fractionated from the culture medium after the culture is 
completed, by such a method as decantation or filtration and the 
desired caxane-type diterpene can be fractionated from the cultured 
cells and/or the culture medium by such a method as extraction with 
an organic solvent . 

The second invention of the present application will be 
explained as follows. 

According to the second invention of the present application, 
the culture of the plant means culture of a tissue or a cell of the 
plant, wherein thn culture is carried out by a conventionally Known 
process except that the culture is carried out by controlling the 
oxygen concentration in the gas pnase of the culture vessel to below 
the atmospheric oxygon concentration from the initial stage of the 
culture, or by controlling the dissolved oxygen concentration in 
the fluid medium which is in contact with the tissue or the cell to 
below the saturated dissolved oxygen concentration at that 
temperature from the initial stage of the culture. 

So far. in the culture of a plant producing tho taxano-typo 
diterpene. theta has been no reports wherein the culture is carried 
out under such conditions that tho oxygen concent rat ion in i he gas 
phase to he suppl led to the culture vessel whetuin the tissue or the 
cells ate cultured oi the dissolved oxygen concentration In the 
mi Mil urn wind! Is in c« int..n :t. wit li tin; t issue or tin* > | | t » ,, g,. j (|W , | llt 


• it m«r;ph**r ic oxygen c: 
oxygen concents .it. ion 


ncenis.it :an or tie low t,V- ait ur.»r«:.| «| i v.*d 
end It w.as beyond ill expoc I .» 1 1 mis that 1 he 
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amount of the taxane-tyoe diterpene to be produced is increased by 
that. 

According to the second invention of the present application, 
the oxygen concentration in the gas phase of the culture vessel 
wherein the tissue or the cells are cultured is required to be 
controlled to 4 • 15 it is particularly preferably controlled 
to 6 - 12 %. The dissolved oxygen concentration of the fluid medium 
which is in contact with the tissue or the cells is required to be 
controlled to 1 - 75 % of the saturated dissolved oxygen 

concentration at that temperature, it is particularly preferably 
controlled to 10 - 75 I. 

Examples of a medium to be used in the second invention of the 
present application, include the medium conventionally known for 
the tissue culture of a pi ant, such as medium of Murashlge & Skoog 
(1962), medium of Linsmaier Skoog (1965), Woody Plant Medium 
( 1981), Gamborg's B~5 medium, and Mitsui’s M-9 medium and the like. 

A phytohormono, and if necessary a carbon source, an inorganic 
component, vitamins, amino acids and the like may be added as well 
to these media. 

As a carbon source, a dl saccharide such as sucrose, maltose, and 
lactose, a monosaccharide such as glucose, fructose and galactose, 
starch or a mix tun* ot two or more kinds ot such sugar sources mixed 
at; an appropi tato rat lo can tie utilized. 

As an inorganic component, illustrative examples include 
phosphorus, nitrogen, potassium, calcium, magnesium, sulfur, iron, 
manganese, /.me. ho ion, copper ■ , «no l yhd.-nuiit, Chlorine, sodium, 
iodine and • :uliU \ * , and ! I i«tse Ct jinp. iltoti t S can ho ad< Jim I ill tile lotiitot 


is - 



I 


2153988 

j 

such a compound as potassium nitrate, scdium nitrate calcium 
nitrate, potassium chloride, potassium monohydrogenpr.osphate, 
potassium dihydrogenphosphate. calcium chloride, magnesium 
sulfate, sodium sulfate, ferrous sulfate, ferric sulfate, manganese 
sulfate, sine sulfate, boric acid, copper sulfate, sodium 
molybdate, molybdenum trioxide, potassium iodide, cobalt chloride 
and the like. 

As the phytohormcne, for example, auxin such as indoieacetic 
acid ( I AA ) , naphthalenacetic acid (NAA), and 2 , 4-dichlcrophenoxy 
acetic acid (2,4-D), and cytokinin such as kinetin, zeatin, and 
dihydrozeatin can be used. 

As the vitamins, for example, biotin, thiamin {vitamin b : j , 
pyridoxine { vitamin BJ , pantothenic acid, inositol , nicotinic acid 
and the like can be used. 

As the amino acids, for example, glycino, phenylalanine, 
leucine, glutamine, cysteine and the like can be added. 

Generally, the carbon source in a concentration of about 1 - 
about 30 g/1, the inorganic component In a concentration of about 
0 . 1 yM • about 100 i«M, the phytohormones in a concentration of about 
0,01 - about 10 pM, and the vitamins and the amino acids 

respect ivoiy in a concentration of about 0. I - about 1J0 :n<j, L ate 
u:iud . 

According to thv second Lnvo.nl Lon oL tin* prounut appl icai ion. 
both a liquid medium and inch a '.olid medium that contains iqar u»d 
iptl.m gum normally in an amount ut 0. I - 1 i can bo used. 

Accniding to t hi*. 1 1 cultutu ot the second invoiit. • * e » h*» 

pi'ujunt appl leal. Ion, a pi»*c« ut >t tluuiiu or a coll of i tout, a 
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growing point, a leaf, a stem, a seed, a pollen, an anther and a 
calyx and the like of the said plant or cultured cells which are 
obtained by the tissue culture thereof in the above-mentioned 
medium or another conventional medium can be used. 

The second invention of the present application can also be 
applied to neoplastic cell and/or hairy-root, obtained by infection 
with Agrobacterium tumefaciens or Agrobacterium rhi zoger.es . 

When these tissues or cells are cultured by controlling the 
oxygen concentration in the gas phase in the culture vessel to less 
than the oxygen concentration in the atmosphere, from the initial 
stage of the culture, or by controlling the dissolved oxygen 
concentration in the fluid medium which is in contact with the 
tissue or the cell to less than the saturated dissolved oxygen 
concentration at that temperature, from the initial stage of 
culture, cultured tissue or the cultured cells having higher 
taxane-type diterpene productivity than that of those obtained by 
the tissue culture carried out under normal culture conditions can 
be obtained. 

According co the second invention of the present application, 
the initial stage of the culture rofers to from the time when the 
culture was 'started through the 7th day after the start of the 
culture, unit the controlling ot the oxygen concent t at ion in ttu; g.iu 
phariM in the culture vesuul oi the control l mg of the dissolved 
nx/gnn concentration In the fluid medium which to in con race wirh 
U-o M.'iuue nr the cull in prefer. thl y done from the beginning of • tut 
cu 1 1 ui e . 

The continuing period in not part leu l.tr ly 1 tml red, and, the 
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controlling under the said condition can be dene in the entire 
culture period, or only in a part of the entire culture period, 
however, it is preferable to carry out the control at least for - 

days during the entire culture period. 

The production method according to the second invention of the 
present application can be used together with a culture method 
carried out in the presence of various kinds of taxane-type 
diterpene production promoting substances to further ir.craesa the 

productivity of the taxane-type diterpene. 

Examples of the taxene-type diterpene production promoting 
substance include, for example, jasmonic acids represented by the 
above-mentioned general formulae (X>. IUI or CXI), compounds 
containing a heavy metal, complex ions containing a heavy metal, 
heavy metal ions, amines end antiethylene agents to be used for the 
ebove-mentioned first invention of the present application. 

Mao the second invention of the present application can be also 
used together with the method of the third invention of the present 
application wnich will be described later in detail, wherein the 
ceils are fractionated into a plurality of layers according to the 
difference in their specific gravities, and the cells contained in 

at least one layer are cultured. 

The production method according to the secor.u invention of tne 
present application can bu used together with both tr.e said metnod 
according to the first invention of the present application 
wherein culture is carried out in the presence cf the jasmonic acUu 
and the Like and the method according to the third invention of the 
present application wherein the cells are fractionated into .. 
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plural icy of layers according to the difference in their specific 
gravities and cells contained in at least one layer are cultured. 

Taxane-type diterpene can be fractionated from the cultures 
such as cultured tissues, cultured cells and culture medium, wr.ich 
are obtained according to the above-mentioned process. by 
extraction with an organic solvent such as methanol. 

One. preferable example o' the tissue culture according tr the 
second invention of the present application can be illustrated as 
follows. 

A piece of a plant body of a plant belonging to genus Taxus, 
such as a root, a growing point, a leaf, a stem, a seed and the like 
is sterilized and placed on Woody Plant Medium solidified with 
gelan gum, and kept at 10 - 35 *C for about 14 - 60 days so that a 
part of the tissue piece is changed to callus. By subculturir.g the 
callus thus obtained, the growing speed is gradually increased und 
stabilized callus can be obtained. By the stabilized callus, we 
refer to a callus which remains in callus state during culture 
without showing differentiation into a shoot or a root and the cells 
of which have uniform growing speed. 

Such stabilized callus is transfer?-*’.* to a liquid medium, 
suited- for the growth, such as liquid Woody Plant Medium and grown. 
The growing speed is further incruascd in the liquid medium. 
According to the present invention, the stabilized callus or the 
colls constituting the above-mentioned callus is grown undo: the 
culture conditions wherein the oxygen concent rat ion in a gas :*h.i;e 
In a culture vessel Is controlled to lens than the oxygen 
concent rat ion in the atmosphere fiom the initial stage t;j u,.. 


V) - 



• • 

i 

j 

• j 

( . .2153936 


culture, or the dissolved oxygen concentr jtion in a fluid medium 
which i~ in contact with the tissue or the cell is contrciled .0 
less than the saturated dissolved oxygen concentration at that 
temperature, from the initial stage of the culture. 

The tissue or the cell gains energy necessary for maintenance 
ano growth of individium, by consuming oxygen (respiration). It is 
generally known that '.men a tissue or a cell is cultured, the cell 
mass is increased and the amount of the oxygen consumption is 
increased as well with the passage of culture period. Accordingly 
unless a ventilation gas is forcedly supplied from outside of the 
system, the oxygen concentration in the gas phase in the culture 
vessel such as a flask wherein the tissue or the cell is contained, 
or the dissolved oxygen concentration in the medium which is in 
contact with the tissue or the cell naturally decreases to a value 
less than the oxygen concentration in the atmosphere, or the 
saturated dissolved wxygen concentration at that temperature, with 
the passage of culture period. 

The present invention is different from the above-mentioned 
finding on the point that the culture is carried out by actively 
controlling the oxygen concentration In the gas phase in the 
culture vossol which contains the tissue or the call or the 
dissolved oxygon concentration In the culture medium to less than 
the oxygon concentration In thu atmosphere or the saturated 
(lif}solv(td oxy<)<in Ion «it lh*il UMBp<!r.itiiiu. 

1 1 \ ono L 1 .it ivm pio»:tsr;?i t.u nnluincu tilt* »*l 1 «si:t <il t tut |)i usfiit 

Invention. Ui«* nny«j«tn ounoonti .it ion tu tl;o «|*ni m thn « 1 * m .* 

*:nt or t tu* <! » v • *i */• ft » )xy*|« a n « :i»m:<mti at Ion in !!>♦*. M u i «l mn«t utni i i 
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previously controlled to less than the oxygen concentration in the 
atmosphere or the saturated dissolved oxygen concentration at that 
temperature, prior to the subculture of the tissue cr the cell in 
the culture vessel. 

The cent. tiling period is not particularly limited as 
mentioned above, however, it is preferable to carry out the control 
at least for 3 days during the entire culture period. 

In addition to that, the controlling method is not particularly 
limited to any as far as it is a method whereir. the oxygen 
concentration in the gas phase in the culture vessel which contains 
the tissue or the cell, or the dissolved oxygen concentration in the 
fie id medium which is in contact with the tissue or the cell, can be 
controlled to less than the oxygen concentration in the atmosphere 
or the saturated dissolved oxygen concentration at that 
temperature, and in some examples of such method, a gas having a 
controlled oxygen concentration, which is obtained by mixing an air 
with nitrogen and the like to lower the oxygen concentration, is 
directly sent Into the gas phase in the culture vessel or the 
culture medium, or such a gas Is directly sent Into the culture 
medium outside of the culture vessel, l.e. in an aeration tank and 
the like, then the culture medium is poured into the culture vessel 
or a gas such as air to be supplied to the culture vessel l u 
directly sent into the gas phase or the culture medium by 
control 1 in') the lend npued, or such a gas is directly Into it,,? 

cult,.... •••odium outuldo Of the culture vessel. l.„. il; 
i.u.K .u,d II... like then the culture medium l :i pou.e.l ,„tr. Hie cult... „ 

i .Placed under low oxygen mo:;,, 
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to carry out culture or the culture is carried out in the presence 
of an oxygen adsorbing agent. 

The temperature for the tissue culture according to the present 
invention is usually about 10 - about 35 *C, and preferably about 
23 - 28 'C according to the high growing speed. As for the culture 
period, 14-42 days are preferable. . , 

When a liquid medium is used for the culture according to the 
present invention, the cultured cells can be fractionated from the 
culture medium after the’ culture is completed by such a method as 
decantation cr filtration and the desired taxane-type dlterpene can 
be fractionated from the cultured cells and/or the culture medium 
by such a method as extraction with an organic solvent. It is also 
possible to recover the desired compound continuously during the 
culture by allowing an adsorbing agent or an appropriate organic 
solvent coexist in the culture system. 

The third invention of the present application will be 
explained as follows. 

According to the third invention of the present application, a 
layer containing the cultured cellp, which shall show high 
taxanc-type dltcrpene productivity after -being cultured, can be 
exemplified by a layer having the specif ic gravity of 1.07 or less. 

in a generally known method to fractionate the cells according 
to thulr specific gravities, a density gradient is formed by .1 
medium for conn Hiigal separation, and the colls are layered over 
ir, tluui cntiti l mmj.iI inspiration lu carried out. 

A:; .1 iiiisiI i uni tin ecu t r i Mk;.i I si-jmi .t t t . Mooi L . IVrcoLt (tulli 
pt « ». twofd by l'ti.11 m.tc i .1 I.KIi lliui «*«:hnoluqy Co. Ltd.,), uuctonn .md 
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cesium chloride and the like are U9ed. In Examples, t.-.e density 
gradient was produced by the use of Ficoll, however, the medium 10 
net particularly limited to any substance as far as it does not 
damage the cells. Ficoll has been used for separation of cell 
granules and the like (Hess, R. et al., Nature 208 t 1965 ). 856-858 > 
or separation of animal cells (Waider. I. A. et al., Proc.‘ See. 
exptl . Biol. Med.. lj_2(1963) 494-496) and the like. 

The number of the layers forming the density gradient is not 
particularly limited. 

In Examples, a density gradient wherein the difference of the 
specific gravity between each layer is 0.02 is formed by the layers 
having the specific gravity of 1.03. 1.05, 1.07, 1.09 and 1.11 
(g/ml). however, the difference of the specific gravity is not 
limited to this value, and the difference of the specific gravity 
between each layer can be the same or different. 

Accordingly, the definition of the density gradient includes a 
case wherein the gradient changes continuously (the condition 
wherein the number of the layers forming the density gradient is 
close to infinite, and the difference o the specific gravity 
between each layer is close to 0). 

The cells can be fractionated into a plurality of layers 
according to the difference in their specific gravities by thus 
forming Die density gradient, layering the cells and carrying out: 
the centrifugal .oparat ion . 

The spec it K: gravity er the layer to he termed i:s normally in 
M..! rar.g.* ->t l.S;; to ! . /.U g. ml. jae lei ably in Uus sang.* r*\i |.{)| i„ 
L.ll g/ml. Ana Layer to become an ob j#«:t t or cuL t.ui at leant, one 
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layer is selected, but it is also pussible to s^'ect all the Layers 
and culture them. 

When a plurality of layers are selected ar.i cells contained in 
the selected layers are cultured, it is poss-ible to culture the 
cells in these layers individually, but, it is also possible to mix 
the cells in two or more layers of the selected plurality of layers 
and culture them. 

The cultured cells having high taxane-type diterpene 
productivity can be usually obtained by cuLturmg calls contained 
in a layer having the specific gravity of 1.0" or less, but, it is 
not always limited to this range, since it may fluctuate depending 
on the cells to be cultured or the culture conditions. There Is 
also a tendency that the cells in a layer c: a higher specific 
gravity, have a higher content of the taxane-type diterpene at the 
time when the fractionation is carried out according to the 
difference in the specific gravities. Accordingly, to ensure that 
cultured cells which produce the taxane-type diterpene at a high 
rate can be obtained, it 19 desirable that the cells In all the 
fractionated layers are cultured for a certain period, then the 
concentration of the taxann-type diterpene in the cells of each 
layer is measurad, and the layer containing the cultured culls 
which produce the taxune- type diterpene at a high rate is selected 
from among those layers. 


:it» 

cel Is 

.it tin 


I at , tlnsic have hcen mi cases tepot ted vhctttin the cult tit <*d 
• it a plant, piniluciitg the t axane * t ypo d;!cipone ate cult.meil 
they ate r i a* *t i < m.t I <•«) acce t . 1 1 i»g in t he spec t t i c gravity * > l 
lls, and t? via:: !:••*/• Hid a 1 l * *M| -e* :• at j miis * !i i» * h«* • :•.» i I a cin.Si* 
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fractionated into layers of cells each having different taxane-type 
diterpene productivity, by the difference of the specific 
gravities, and that the cells which produce the taxane-type 
diterpene at a high rate can be obtained by culture of ceils which 
are contained in a layer having the specific gravity of 1.07 or 
less, and whose taxane-type diterpene content is not so high at the 
time when they are fractionated. 

According to the present invention, it is also possible to 
fractionate the cultured cells into a plurality of Layers according 
to the difference in the specific gravities by preparing a medium 
for centrifugal separation having one particular specific gravity 
such as 1.07 g/ml, for example, and carrying out the centrifugal 
separation according to the above-ment icr.ed method. 

The culture medium to be used for the present invention includes 
typical culture medium components. As such a component, an 
inorganic component and a carbon source are typically used, and- 
phytohormones, vitamins, and if necessary, amino acid9 can be added 
as well. As a carbon source, a disaccharide such as sucrose, 
maltose, and lactose, monosaccharide such as glucose, fructose and 
galactose, starch or a mixture of two or more kinds of 3uch sugar 
sources mixed at an appropriate ratio can bo utilized. 

As an Inorganic component. Illustrative examples include 
phosphorus, nitrogen, potassium, calcium, magnesium, sultur, iron, 
manganese, /.Inc, home, copper , molybdenum, chlorine, sodium, 
iodine anti cobalt, and I hose components cm lie added in the loitn ot 
such a compound as potassium inflate, sodium ait late, calcium 
n It I a t «• , p<e a * . * * i i im « 1 1 1 « « I i »le , pi d ass 1 u.n iti< iiiohvdi oge.uphospha * e . 

, l‘i - 
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potassium dihydrogenphosphatei calcium chloride, magnesium 
sulfate, sodium sulfate, ferrous sulfate, ferric sulfate, manganese 
sulfate. zinc sulfate, boric acid, copper sulfate. sodium 
molybdate, molybdenum trioxide, potassium iodide, cobalt chloride 
and the Like. 

As the phytohormone, for example, auxin such as indoieaceacid 
CAA). naphthalenacetic acid i NAA ) . 2. 4 -dichlorophenony acetic 

acid ( 2, 4-D l , and cytokinin such as Kmetia, zeatin. dihydroieatin 

car. be used. 

As the vitamins, for example, biotin, thiamin (vitamin B ). 
pyridoxine ( vitamin B, ) . pantothenic acid, inositol, nicotinic acid 
and the like can be used. 

As the amino acids, for example, glycine, phenylalanine, 
leucine, glutamine, cysteine and the like can be added. 

Generally, the inorganic component in a concentration of about 
0.1 pM - about 100 mM, the carbon source in a concentration of 
about 1 - about 30 g/1, the phytohormone in a concentration of about 
0.01 - about 10 pM. and the vitamins and the axino acids 

respectively in a concentration of about 0.1 - about 100 mg/1 are 


uiiod . 


I'x.imple-t of a medium to lie used for the present invention 

1 1 ,.,:;., ledl.. which convent i.HniUy u:;ed lor 

•!iu plant. tissue culture, such us Medium of Mur.rshhjc nkoog 
, ».• -d him or l.insm.t lei Skoo.j . i l . Woody I'l.int Medium 

: Pit t. r:.tmliii»i|‘-u l» - medium ,«nd Mitsui’s M-’» limn to winch the 


-hum** i*»n«*d 

\ i | * Ml hi ill 


ptiy t 'af t* >111*1 lit* I, -IImI ii*m V . 'iil*. .itjov**- 

■iuiii ■ :**, .iiul * •»» 
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According to the present invention, both a liquid medium and 
such a solid medium that contains agar and gelan gum normally in an 
amount of 0.1 - 1 * can he used, however, usually a liquid medium is 

preferable. 

According to the tissue culture of the present invention, a 
piece of a tissue or a cell of a root, a growing point, a leaf, a 
stem, a seed, a pollen, an anther and a calyx and the like of the 
said plant, or cultured cells which are obtained by the tissue 
culture thereof in the said medium or another conventional medium 

can be used . 

By fractionating these cells into particular specific gravity 
ranges then culturing them according to the present invention, 
cultured cells having higher taxane-type dlterpene productivity, 
in comparison with those in the control area wherein no 
fractionation was carried out. can be obtained. The taxane-type 
dlterpene can be fractionated from these cultured cells by 
extraction with an organic solvent such as methanol. 

One preferable example of the tissue culture according to the 

present invention can be illustrated as follows. 

A piece of a plant body of a plant belonging to genus Taxus, 

such as a root, a growing point, a leaf, a stem, a seed and the like 

l:1 3t o r Uizod and placed on Woody Plant Medium solidified with 

... - tv *r rm ti - days so that a put ut 

i)o 1 ail f|um, anti ko|»t at i O r,M t 

the trssue place la changed to cal lea. Ily uuhuultur i.«J the caned 

thee obtained. .-owing speed is gradually increased and 

stab 1 Used callus can ho obtained, hy the stabilized callus, wo 
tclei to a callus which remains In callus state during culture 
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without shewing differentiation into a shoot or a root ar.d tr.e ce*-j 
of which have uni form growing speed. 

Such stabilized callus is transferred to a liquid medium, 
suited for the growth, such as liquid Woody Plant Medium ar.d grown. 
The growing speed is further increased in the liquid medium. 

The temnerature for the tissue culture according to the present 
invention is usually about 10 - about 35 'C, and preferably about 
23 - 28 3 C according to the high growing speed. As for the culture 
period. 14 - 42 days are preferable. 

When a liquid medium is used for the culture according to the 
present invention, the cultured cells can be fractionated from the 
culture medium after the culture is completed, by such a method as 
decantation or filtration and the desired taxane-type diterpene can 
be fractionated frem this by such a method as extraction with an 
organic solvent. 

According to the first invention and the second invention of the 
present application, taxane-type diterpene can be easily obtained 
in large quantity. 

According to the third invention of the present application, 
cultured cells which produce taxane-type diterpene at a high rate 
can bu obtained with a simple operation. 

Whim tin* i i i ut:, iucond or third invention of tho pn*::ont. 
application 1:; to In* industrially t?x«*cn! .»d, th«* i*tt ii:i*»m:y i\i:i h*» 
further inci ti.uiod by • •mpLuynig thu foL lowing fourth, tiMh. .ixth 
oi so von M i invniit inn ot thu ptosuiit application in .in i ndopt'i; 
j (>i :u or In a combi nod lor m. 

Th.H miMir;. it in in *t ross.u y to supply .» gas • *ntit n in in<| «ixyg* a ii 
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to a culture liquid to culture tissues or cells of a plant which 
produces taxane-type diterpene. Normally, air is used for this 
purpose, however, after an intensive study, the present inventors 
found that the taxane-type diterpene production can be efficiently 
carried out by the use of a gas containing 0.03 - 10 I, preferably 
0.1 - 5 % of carbon dioxide, as a gas to be introduced to a tank for 
culturing the tissues or the cells of the plant producing the 
taxane-type diterpene, and completed the fourth invention of the 
present application. 

The present inventors also found that the productivity of the 
taxane-type diterpene in the cultures can be remarkably improved 
and the fluctuation of the taxane-type diterpene productivity due 
to the subculture can be controlled by carrying out a two-stage 
culture of the tissue or the cell of the plant producing the 
taxane-type diterpene, comprising a first stage using a medium to 
which an oxidizing agent or a water soluble organic compound 
containing oxygen is added for obtaining the tissues or the cells, 
which is activated for production of the taxane-type diterpene in 
the subsequent stage, and a second stage which is carried out auch 
conditions that promote the production of the taxane-type 
diterpene, and completed the fifth invention ;f the present 
application. Herts, examples of the oxidiaiiv; agent- include 
per<;xodl:;u l t *>1 eti :«u«:h I potass; i uni peioxodi ailii'e and hydrogen 
peroxide, and examples ut the water soluble .:*{anu: compound 
containing oxygon inc 1 utle d :mot hy l t «<■ mamtde, d:i:.e'hyl ailtoxide. 
and erhyleno glycol and the like. The tot.il con* >*nt t at. ton ol * :;«• 
above -men t K>n**d .nidi f ive in the culUite medium ia pteteiahly 10 M 
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. 10' : M immediately after the addition, and it is further preferable 
to control the concentration to be in the rar.ge of 10'*M to 

The present inventors also found that the high density culture 
of the tissue or the cell of the plant producing the taxane-type 
diterpene can be carried out by inoculating the tissues or the cells 
in a culture medium containing a saccharide in a concentration of 
2 - 50 g/1. preferably 10 - 30 g/1. and or nitrate ion in a 
concentration of 2 * 50 mmol/i, preferably * 3 - 30 mmol' 1, then by 
adding a nutrient source solution containing the saccharide in an 
amount of 0.2 - 5 g/1, preferably 0.5-3 g/1, and/or nitrate ion 
m an amount of 0.2 - 5 mr.ol/1, preferably 3.5 - 3 mmol/1 per day 
with respect to the initial volume of the said culture medium, 
continuously or intermittently to the culture medium, thereby the 
taxane-type diterpene production volume per culture vessel can be 
remarkably increased and completed the sixth invention of the 
present application. Here, by the density, ue reefer to a cell mass 
per volume of the culture solution in the culture vessel, which is 
shown In terms of dry cell mass (g) per liter of the culture 
solution. According to the sixth invention of the present 
application, it is preferable to carry cut culture while the 
culture medium Is i omswed by adding the nutrient source solution 
and simultaneously separating and removing the same volume ot rhe 
medium from t.hu tissues or rhe cells and to recover the taxane-type 
diterpene from at least one selected l tom tr.e resulting ouL lures, 
the medium recovered hy n*moval during the *:ult.uio, and the medium 
<j»o. lined at the end of t I'm culture. Tim itxr.h invention ol the 
present application Is partlcula/ly effective in improving the 
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taxane- typo diterpene productivity in the high density culture 
wherein the density of the tissue or the cell of- the abov ^-mentioned 
plant at the start of the culture with respect to the medium volume 

is 50 g fresh weight/1 or higher. 

Furthermore, though the culture is normally finished when the 
cells of high density are obtained, the present inventors achieved, 
through the intensive study, the continuous culture by continuing 
the culture while the cells are removed, and after further 
examination, finally completed a continuous culture method, which 
is the seventh invention of the present application. That metns. 
the taxane- type diterpene can be produced with such a high rate that 
could be hardly attained with the conventional process, by adding 
the fresh medium continuously or intermittently in such a way that 
the specific renewing ratio defined by the dimensionless number F 
• V,/V/y (wherein, V is the total volume of the culture oediuw in a 
culture tank, V x is the feed speed of the fresh medium, and \x itf the 


speci ;ic growth rate or the tissues c * the cells) is in the range of 
0.1 to 10, and by recovering the taxanc-rypo diterpene from the 
culture medium containing the tissues or the units which is 
continuously or intermittently taken out from the tank and/or the 
culture solution which does not contain the tissue nor the cull and 
which Is continuously or intermittently taken out item the t ink, 
and comp Luted the seventh invention of the present up plication. It 
i'j lurttior prelerable to set the specific lenvwing ratio of the 


culture medium, l\ to O.'j-'i. Thu suochj: Ide cnn« rent r at ion i n * he 
culture solution is piufm.ibly '» - 40 rj/l, and the nitrate urn 
concentration in the cultuie solution is preferably 10 - 40 mmol/l. 
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The present invention can be effective with the cell density in 
terms of fresh ceil weight per litter of 50 - 500 g, however, the 
higher the density is as far as it is in a range wherein extremely 
vigorous stirring is not required, the more efficiently the 
taxane-type diterpene can be produced, thus the preferable density 
is 2C0 g or higher per liter. 

In order to combine the above-mentioned fourth, fifth, sixth, 
or seventh invention of the present application with the 
above-mentioned third invention of the present application, the 
cells obtained according to the third invention of the present 
application can be cultured according to the fourth, fifth, sixth 
or seventh invention of the present application to produce the 
desired taxane-type diterpene- 

Brief Description of Drawings 

Fig 1. is a graph showing the change of the yield of the taxol in the 
culture medium after adding 100 pM of methyl Jasmonate. 

Fig. 2 is a graph showing the change of the yield of the baccatin III 
in the culture medium after adding 100 pM of methyl jasmonate. 

Fig. 3 is a diagram illustrating an example of a culture apparatus 
used for carrying out the tissue culture according to the second 
invention of the present application. Each numeral used in the Fig. 
i has the following meaning. 

: ■* Air feed pipe 

Nitrogen feed pipe 
j Culture vessel 

4 Sparger for supplying oxygenic gas 

5 Electrode for dissolved oxygen 
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6 OissoLved oxygen cor.cfir.:rat;on controller 
Vent 

8 Valve 

9 Oxygen flow control valve 
1C Air filter 

11 Impeller 

Fig. 4 is a graph showing the growth in the culture after the 
fractionation. 

Fig. 5 is .a graph showing the taxane content in the culture after the 
fractionation. 

Fig. 6 is a graph showing the distribution o: the cells at the 
f ractionation. 

rig. 7 is a graph showing the taxane content {in cell) at the 
fractionation. 

Fi j.R is a diagram illustrating an example of a culture apparatus 
used for carrying out the tissue culture according tr the sixth or 
the seventh invention of the present application. Each uimeral and 
alphabet used in the Fig. 8 has the following meaning. 

12 Medium feed pipe 

13 Medium feed opening 

14 Opening with a filter for taking out culture medium ilcr.e { the 
culture medium containing no tissues nor cells i 

15 Culture medium outlet pipe 

16 Sparger for supplying oxygenic gas 

1 7 (inpu 1 ler 

lit 'Vulture mixture t Mio outline solution cor. v.i I n I ngt. ot 

t:e l 1 » ) d i :ti.i r »;•* pipe 

-4 
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1 1 Pressurized fluid inlet 
a. b. t. .1 anil e Valves 

S^s't Mode tor Carrying Out the Invention 

The invention will be further illustrated with the following 
examples and comparative examples, however, these examples are not 
to be construed to limit the scope of the invention. 

[Example 1] 

A part of stem of Taxus baccara LINN which had been previously 
sterilized with 2 \ antifennin solution or 70 X ethanol solut ion and 
the like, was placed on sol* 1 Woody Plant Medium ( contain ing go lan 
gum of 0.25 1 by weight) t.o which naphtha lenucetic acid hjd been 
added to give the concentration of 10' M # and static culture was 
carried out at 25 *C in a dark place to provide callus of T.ixus 
baccata LINN. One gram < fresh weight) of the callus was inoculated 
to an Erlenmeyor Mask containing 20 mi of liquid Woody Plant Medium 
to which thu above -mont lotted component was added to give the same 
concentration and shako culture was carried out with a rotary 
shaker (amplification of 25 mm, 120 rpm) and (ho callus was 
subculturod in every 21 days to accelerate the growth rate thereof. 

One gram ( fresh weight ) of the cultured colls thus obtained was 
inoculated t.o an Kr lunmuyer flask containing 20 ml of liquid Woody 
Plant Medium to which tho above 'mentioned component was added to 
give tho same concent: rat ion, anil shako culture was carried out at 
.’.‘i ■*' for 14 days. on ilm 14»h day altni starting tho outturn, 
mitit.yl •iiilm ol t ulmr < mi i c acid ‘which i -, a < rump, mini ntpi «*:;«*iit ml ny 
Mia •(•ihiM.il lor mu la t 1 ) . wIum • m ii l** *. I#*", It' . |C *, |#'* i |i lf ( q* § # |<* 


♦ •• 
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{I Vt\ci i 5 . ‘ ^ i ' *2 r.vdrcgen atcins, IV 1, i 3 hydroxy i group, ^ *** methoxy 
* 3 roup , n is 1 arid C and C 4 have a double bond between them. was added 
as the compound represented by the general formula ( l i r -0 give the 
final concentration of 0.01 - 1000 pM, and the culture was further 

carried cut for another 7 days. 

After completing the culture, cultured cells of Taxus baccata 
LINN were harvested by filtration and lyophilized. then the dry 
weight was measured to obtain the yield of the cultured cells per 
litre of the Liquid medium. Taxane-type diterpenos were extracted 
from the dried calLus with methanol and the like, and they were 
dotorinir.ftd by comparing with standard taxol, cephaiomannino, and 
buccatin It: using high performance liquid chromatography to 

measure the vlelds of the taxane-type diterpenes. The results are 
shown ir; Table 1. 

[Comparative Example 1] 

The procedure of Example l was carried out except that the 
methyl ester of tuberonic acid was not added. Tho results are shown 

in Table 1. 

(Example 2] 

The procedure of Example l was carried out except that the 
me thy l ester of tuberonic acid was added successively a total of 4 
times in every two days starting from the 7thday at tor starting the 
culture ( to give the final concentration of 2*i pM each time, and tu 
givn tl:.* total concent i a t i oil ot 100 »iM). The results - 1 1 «* iliuwn in 
Table l . 

[Kx«tmple l ) 

Tt;» # (it * e « il T!xain|*l»t 1 we?l cai r I ml • lilt i*x« *e|»l Mial KUlpMol 

- Vi - 
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the methyl, ester or tubercnic acid was added on the first day after 
storting the culture then the culture was further carried out fcr 
another 20 days. The results are shown in Table 1. 

[ Example 4 ] 

The procedure of Example 1 was carried out except that 100 pM of 
the methyl ester of tuberonic acid was added on the 7th day after 
starting the culture and the culture was further carried out for 
another 14 days. The results are shown in Table 1. 


•»i» 
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Table 1 



conceal run on 
a l 

methyl 

ubcioiun* 

(|lM). 

cell 

yield 

( g/D 

yield • ) 

Ot 

baccatin 

ill 

fmg/l ) 

ytc! J •! 

u 1 

( J iuI 
(nil'll 

; ield- j 
a l 

c e p h j lo- 
rn a n n i n e 
' nig /I i 

Comparative 
Example 1 

0 

U.3 

0.4 

■ 

1.2 

Example l 

0.01 

14.3 

0.4 

R1 

1.3 

«• 

0.1 

13.5 

0.J 

5 5 

1.5 

m 

1 

13.2 

0.7 

6.9 

1.3 

- 

10 

13 0 

0.9 

i-i.Ji 


- 

100 

12.7 

12.2 

16.3 

• 


250 

12.5 

14.5 

21.1 

2.2 

. - 

500 

11.6 

IS 0 

10.6 

2.3 

, * 

m 

1000 

7.3 

1.2 

3.9 

IS 

Example 2 

100 (25 x 4) 

12.9 

13.3 

22.5 

2.3 

Example 3 

100 

7.1 

1.0 

4.0 

1.3 

Example 4 

too 

12.5 

10.5 

M 6 

M 


* ) The yiold w.»3 ou leu kit mi baued on the total amount of production 
< In th«t coll * In tho mmlium). 


(Kx .unpin ) 

Thi i asl l:i wild ai:t:u lot alrni «| row til tati! obtainm! by the m« • «:li* i«l 
<) t Kx.iinp In 1 worn I ract wm.it ml i l r ; t ty hy a ?i ta i n i r.mvl ami 

*:nll •**; havin«| »hti - 1 1 . * ) t ?.V) - M40 pin wntii obtainmk A 
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medium having a specific gravity of 1.07 'g ml ) was produced by the 
use of Ficoll and the above-mentioned cells were layered over it and 
centrifuged at 700 rpm for 6 minutes. The cells were fractionated 
into two layers according to the difference of the specific 
gravity. The cells contained in the layer of 1.07 g/ml or less were 
fractionated and washed with 2 % sucrose solution three times cr 
more, to wash off Ficoll. After the washing. 1 g (fresh weight) of 
the cells was transferred to an Erlenmeyer flask containing 20 xl 
of liquid Woody Plant Medium and shake culture was carried out at 
25 C for 14 days. On the 14th day after starting the culture, 
methyl ester of tuberonic acid was added to it to give the. final 
concentration of 250 pM, and the culture was further carried out for 
another 7 days. After completing the culture, the procedure of 
Example l was carried out. The results are shown in Table 2. The 
productivity of the taxane-type di terrenes could be greatly 
improved by the combination of the selection cf cells having a 
particular specific gravity and the addition of the methyl ester cf 
tuberonic acid. 

[Comparative Example 2] 

The procedure of Example 5 was carried out except th.it the 
mo thy i ester of tuberonic acid was not added. Tho results are shown 
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Table 2 



c o u c e n i rai t o n 

cell 

yield * ) 

yield *) 

yield* 


o 1* 

yield 

of 

O 1 

of 


m e i h y 1 


baccaun Ul 

i a x o 1 

ccpHalu- 


t u beronatc 




man nine 


(|iM) 

u/»> 

(mg/I ) 

( hi g/ll 

l mg/ll 

Comparative 

0 

14 .2 

0.5 

5.4 

1.3 

Example 2 






Example 5 

250 

. 

12.2 

17.4 

2S.3 

VI 


•) Tho yield was calculated based on the total amount of production 
(in the cell ♦ ' in the medium). 

[Example 61 

250 pM of methyl ester of tuberonic acid was added to cultured 
cells of Taxus brevifolia NUTT obtained on the 14th day after 
starting the culture by the method of Example 1, and the culture was 
further carried out for another 7 days. After completing the 
culture, the procedure of Example 1 was carried out. The results 
are shown in Table 3. 

(Comparative Example 3) 

The procedure of example 6 was carried out except that methyl 
outer of tuberonic acid wo.; not added. The moults are shown in 
Table 3. 

[Example 71 

The pi'ficeile ! e ul Kx.impl»t i» wa*; uai r i»*d out lh.it <;uMi(i'"l 

* :• ? I l ri Ml T. m««ilia wum us«*d. Thu ru:itilt:» am ihuwu in T.ililn 1. 


- VI - 
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[Comparative Example 4] 

Tho procedure of Example 7 was carried out except that the 
methyl ester of tuberonic acid was not added. .The results are shov/n 
ir. Table 3. 


Table 3 



* ) The yield wa9 calculated based on the total amount of production 
(in the cell ♦ in the medium). 

[Example 8] 

A part of stem of Taxus baccata LINN which had been previously 
sterilized with 2 % antiformln solution or 70 1 ethanol solution and 
U.e like, was i placed on .-solid Woody Plant: Medium (containin'! -|el.in 
g ;.*n of 0.2S t by weight) wj which napht ha letiace I* lu acid had been 
adhtd to .live Unt concent rat Ion ot 10 M, and -it at:ic culture Wa:{ 
c.iiried at 2‘i t! in .» d.tik place to provide callus ( ,t T.ixiic 


I It a U!PI. 


Opt* . | r .tin ( t r * 


ih Wfi.jlir. ( n| Hu! i:.tl lii'i w.t:i i tioi'ii I .i t «*it 


t . in hi |fn;:i.-y,o t task cnui.i in in«| ml >t 1 i.piid Woody Plant. Medium 
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to which the above-mentioned component was added to give the same 
concentration and shake culture was carried out with a rotary 
shaker (amplification of 25 mm, 120 rpm) -and the callus was 
subcultured in every 21 days to accelerate tne growth rate thereof. 

Cne gram ( fresh weight) of the cultured cells thus obtained was 
inoculated to an Erlenmeyer flask containing 20 ml of liquid Woody 
Plant medium to which the above-mentioned component was added to 
give the same concentration, and shake culture was carried out at 
25 *C for 14 days. On the 14th day after starting the culture, 
methyl ester of cucurbic acid (which is a compound represented by 
the general formula (II) wherein R u . R l \ R’ 7 . R IJ . R u . R :f , R 2 , R*, R\ 
r\ ar.d R° are hydrogen atoms, R ; is methoxy group, n is 1 and C* and 
C 4 have a double bond between them) was added as one of jasmonic 
acids to give the final concentration of C.01 - 1000 uM, and the 
culture was further carried out for another 7 days. 

After completing the culture, cultured cells of Taxus baccata 
LINN were harvested by filtration and lyophilized, then the dry 
weight was measured to obtain the yield of the cultured cells per 
litre of the liquid medium. Taxane-type diterpenes were extracted 
from the dried callus with methanol and the like, and they were 
determined by comparing with standard taxol, eepha loroennine , and 
haccotln III us in<* high pur tormancu liquid chromatography rn 
measure tho yields ot the taxano-type ditto p«*n«oi. The results at»i 
shown In Table 4. 

[Comparative Kxample S J 

The pi ocedtii «• ii! Example M was i.mi t km| on*. . «*r •»qil th.it t!..- 
methyl ester el cucuihlc acid w.i :i not added. The i t are ;lntwii 


Ul - 
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in Table 4 . 

•Example 9] 

The procedure of Example 3 -as carried out except that the 
methyl ester of cucurbic acid was added successively a total of 4 
times in every two days starting from the 7th day after starting the 
culture (to give the final concentration of 25 pM each time, and to 
give the total concentration of 100 pM>. The results are shown in 

Table 4. 

(Example 10 ) 

The procedure of Example 3 was carried out except that 100 pM of 
the methyl ester of cucurbic acid was added on the first day after 
starting the culture then the culture was further carried out for 

another 20 days. The results are shown in Table 4. 

[Example li] 

The procedure of Example 8 was carried out except that 100 pM of 
the methyl ester of cucurbic acid was added on the 7th day after 
starting the culture end the culture was further carried out for 
another 14 days. The results are shown in Table 4. 


« 



- (i2 - 
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Tab!* 4 



( in the cell ♦ In the medium). 

[Example l*! I 

The cells with jccuIui .tr.isij i|tuwth rates eht .lined l*y the mot tun! 
nt Example H were I r .n:t icnateil f irst ly by «i sta inless st.eel mesh and 
cell cluster;: bavin;; the size ot 7.M) - H40 pm were obtained. A 


- 63 
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medium having a specific gravity of 1.07 ( 3 . ml) was produced by the 
use of Ficoll and the above-mentioned cells were layered over it and 
centrifuged at 700 rpra for 6 minutes. The cells were fractionated 
into two layers according to the difference of the specific 
gravity. The cells contained in the layer of 1.07 g/ml or less were 
fractionated and washed with 2 1 sucrose solution three times cr 
more, to wash off Ficoll. After the washing, 1 g (fresh weight) of 
the cells was inoculated to an Erlenmeyer flask containing 20 ml of 
liquid woody Plant Medium and shake culture was carried out at 25 
# C for 14 days. On the 14th day after starting the culture, methyl 
ester of cucurbic acid was added to it to give the final 
concentration of 250 pM, and culture was further carried out for 
another 7 days. After completing the culture, the procedure of 
Example 8 was carried out. The results are shown in Table 5. The 
productivity of the taxane-type diterpenes could be greatly 
improved by the combination of the selection of cells having a 
particular specific gravity and the addition of the methyl ester of 
cucurbic acid. 

[Comparative Example. 6 ) 

The procedure of Example 12 was carried out except that the 
methyl ester of cucurbic icid was not added. The results are shown 


in Table 5. 
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concentration 

ol* 

methyl 

cucurbaie 

UiMY 

cell 

yield 

(g/M 

yield * ) 
Of 

• i 

baccatin III 
(mg/1) 

i 

yield •) 
of 

uxoi 

( m g .* 1 ) 

yield* ) 
of 

cephalo* 
inanainc 
1 mg/l ) 

Comparative 

0 

It .3 

0.3 

4.3 

2.8 

Example 6 






Example 12 

250 

9 7 


29 7 

3.8 


* ) The yield was calculated based on the total amount of production 

t in the cell '• in* the medium). 


[Example 13J 

250 pM of methyl ester of cucurblc acid was added to cultured 
cells of Taxus brevifolia .JUTT obtained on the 14th day after 
starting the culture by the method of Example 8, and the culture was 
further carried out for another 7 days. After completing the 
culture, the procedure of Example 8 was carried out. The results 
are shown In Table 6. 

[Comparative Example 7] 

The procedure of Example 13 was carried out except that methyl 
ester of cucurbit: acid was not added. The results .ire .shown in 
Table t> . 

(Example 14 | ^ 

The piociMluio oi Kx.imple 11 wait oarr tod nu t except that cu l f ared 
cell.-; ot T. media were u.:ed. The resuLcu are shown lit Table o. 
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[Comparative Example 3] 

The procedure of Example 14 was carried out except that the 
methyl aster of cucurbic acid was not added. The results ar^ shewn 
in Table 6. 

Table 6 



con cent rail an 
of 

methyl 

cucurbaic 

(HM) 

celt 

yield 

(g/1) 

yield. • ) 
of 

baccaiin 

in 

(mg/l) 

yield •) 
of 

laxol 

(n»|/l) 

yield* ) 
of 

cephalo* 

ntannine 

(mg/l) 

Comparative 

0 

• 

12.5 

0.1 

0.2 

mm 

Example 7 





■■ 

Example 13 

250 

11.0 

1.2 

1.3 

■9 

Comparative 

0 

13.6 

0.2* 

0.3 

n 

Example 8 





■1 

Examoie 14 

250 

12.3 

5 2 

3.9 

H9 


* ) The yield was calculated based on the total amount of production 
(in the coll ♦ in the medium). 

[Examp La 15] 

A part of stem of Taxus baccat j LINN which had been previously 
Ur.fM *. lized with 2 \ ant i form in solution or 70 \ ethanol solution and 
Uu'i like, was placed on solid Woody Plant Medium (containing ijelan 
t |um u . l by wuKjht. ) to which naphtha lun.icot ic acid had hewn 
ui.lttd to fjivn the concent : at. inn ot 10 M, and static culture w.t:j 
c.u c itiu out .it -*.a »' in a lark pL.icu to pr ov i .!•« ' «:.i I l tin ot Taxi*:; 

I mi - cat a L.'NN. Oiu* <| t .mi ( l t null wo iijlit; l ot tho «:.il lun w.i :i inoculated 
to .hi ICrlonmeynr t lack com .• in iit<| 20 ml of liquid Wixwly Plant Mud i tun 

- M* • 


j 




2 1 5 3 9 3 G 


to i or . r.r.e above-mentioned iioir.pcr.ent was <*...! led to g;ve tr.e i.-r.e 

wCr. .-;r. -r :tion and shake culture w^s carried out witr*. a re* - ***•• 
shax«sr ' 'jinpiif ication o f 25 mn, 12C rpm i -arui the callus -as 
sub cults rod in every 21 days to accelerate the growth rate tr.erecr. 

one 'j ram i fresh weight » of the cultured cells thus Obtained was 
inoculated to an Erlen^eyer flask containing 20 ml of liquid Wccdv 
Plar.t Medium to which the above-mentioned component was added to 
give the same concentration, and shake culture was carried out at 
25 *2 for 1*1 day3. On the 14th day after starting the culture, 
methyl ester of jasmonic acid < which is a compound represented by 
the 7 i-r.ei.il lormula till) whernin K ;: , R : # \i \ r*- c ■* 3 . - 

H\ * j . j:id [V are hydrogen atoms, ?. is .-ethoxy group, n is 1 and C : 


and 2 * have a double bond between then, 90 * of which is in the 
trar.s-form and 10 \ of which is In the cis-forra) was added as one of 


ja:::*nnic to ids to give th*» 




■cen.tr.it icn oi 0.0; 


an«J the culture was further carried out foi another 7 days. 

After completing the culture, cultured colls of Taxus baccara 
Llwt “ ero harvested by filtration and lyophllized. then the dry 
weight was measured to obtain the yield of the cultured cells per 
_ ' i t * >e lid 1 *!*! medium. Taxane-type diterpenes were extracted 
from tho dried callus with methanol and the Ukn. and they were 
dor.ecmiuud by comparing with standard taxo 1 . cepha lorn., run nu. a.«l 
b.u -cat in III using high perlotmar.ee li(|uld chromatography *o 
niea-nr.t tlm yields of the taxune - type .1 : ! eipene:; . The :.. ; ;ultu 


• In jwii i ii T ill 1 .1 7 . 
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' Zzr.zara t ive Example > ] 

The procedure or Example 15 was carried out except that the 
netr.yl ester of jasru.MC acid was not added. The results are shown 
in Table 7 . 

[Example 16} 

The procedure of Example 15 was carried out except that the 
methyl ester of jasmenic acid was added successively a total of 4 
ti :res in every two day’s starting from the 7th day after starting the 
'tu.v.icu i to give th« filial concent rat icn of 25 pM each tune, and t:u 
giv *2 the total concer.tr J t ion of 100 pM J . The results are shown in 
TaLlo 7. 

I Example 17 | 

.he procedure ot Example 15 was carried out except that 100 pM 
or the imMltyl euret *f jasmoiuc: acid was added on the tirst day 
af ter starting the culture then the culture was further carried out 
for another 20 days. The results are shown In Table 7. 

(Example 18] 

The procedure r * Example 15 was carried out except that 100 pM 
of the methyl ester c.' Jaamonlc acid was added on the 7th day after 
starting the culturu and t.he culture was further carried out for 
another 14 days. The insults are shown Ln Tab la 7. 

(Example Id | 

Tltn piOi.tMlufM ot Example 1 S w.ri <*ai r l*f«l except* lh.il 
< which i:i a *i »ntf . < min 1 i igu • • •-* I i.y t ha *|i*n«>r a l Meimil.i till I 

wt.fi i* In n“. H"', \r . h", ir". P". n . P\ t<*. \* . and P .u** hydt-n|«*ii 

. » * • .III!* , . 11 * 1 • . 1 1</1 1 1 U .1 / • I I * Ml | » . it I ■ . . I »l »d ’ ' * • ll l< t 1 ItilV*! >1 d« flit » 1 • » l It .1 , 5 

t.i:twi*i*ii i.lusn; ’H) K »,! Vi 1 1 1 1 : 1 1 J * hi Mm * t an-i * I miiii . m* ft IU *. • 1 1 wliiifi 


*iM 
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is ir. the cis-:crm; was added as one of jasmcnic acids to <; :ve tne 
final concentration of 0.01 - 1000 ptt. The results are shewn in 
Table 8. 

[Comparative Example 10] 

The procedure of Example 19 was carried out except that the 
methyl ester cf jasmonic acid was not added. The results are shown 
in Table fl. 

[Example 20] 

The analytical results of taxane-type diterpenes existed in the 
culture medium of Example 15 prior to the addition of ICO ;iM of 
methyl jasmonatc. on the third day after the addition, and on the 
7th day after the addition, are shown in Flg.l and Fig. 2 On the 7th 
day of the culture, about half of the taxol and about 70 ** o: the 
beccatin III were leaked in the medium. 

(Comparative Example 11] 

The procedure of Example 20 was carried out except that the 
mothyl ester of jasmonic acid wa9 not added. The results are shown 
in Fig. 1 and Fig. 2. 

( Example 21 ] 

Tho colls with accelerated growth rate obtained by the method 
ot Example 15 wore fractionated firstly by a stainless steel mesh 
and cell clusters having the size ot 250 - H40 pm were obtained. A 
medium having a specific gravity of 1.07 tg/ml | was produced by the 
suit'd llcnll (ltd * he above silent toned ci .’ 1 lu Wet e l.iyei ed « .V«s i! md 

I % 

cent I I I Iiged at 700 l pm t«»i n in I nut ns . Thu cells went I t.ic 1 i<;ii.ii>*il 
intii two t.iyeis .Meoiding »*» t tie dlttei*’tiee of t tie specific 
gi.tv.ty. The :e 1 : s i-tinta i ned ill the layer of l.07g,inl of :.*;swe|.« 

- i»g - 
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fractionated and v.'oihed with 2 * su^r rse solution three t :::ies : 
more, to wash off Ficoli. After the washing. 1 g I fresh weight) of 
the cells -was inoculated to an Erlenreyer f las.< containing 20 ;nl o: 
liquid Woody Plant Medium and shake culture was carried out at 25 
J C for 14 days. On the 14th day after starting the culture, methyl 
ester of jasmonic acid was added to it to give the final 
concentration of 250 pM. ard the culture was further carried out for 
another 7 days. After completing tr.e culture, the procedure of 
Example 15 was carried out. The results are cr.cwn in Table r ) . Thu 
productivity ot the taxane-typo diterper.ee could be greatly 
improved by the combination of the select iur. of cells having a 
particular specific gravity and the addition u: the methyl ester of 
jasmonic acid. 

[Comparative Example 12] 

The procedure of Example 21 was carried out except tnat the 
methyl ester of jasmonic acid was not added. The results are shown 
in Table 9. 

[Example 22] 

250 pM of methyl estor of jasmonic acid was added to cultured 
cells of Taxus brovl folia NUTT obtained on the 14th day alter 
starting the culture by the method of Example 15. and the culture 
was further carried out for another 7 days. After completing the 
culture, the procedure ot Example 1 was carried out. The results 
are shown lit Table 10. 


70 
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(Comparative Example 13] 

The procedure of Example 22 was carried out except that methyl 
ester of jasmonic acid was not added. The results are shewn in 
Table 10. 

[Example 23] 

The procedure of Example 22 was carried out except that cultured 
cells of T. media were used. The results are shown in Table 10. 
[Comparative Example L4] 

The procedure of Example 23 was carried out except that the 
methyl ester of jasmonic acid was not added. The results are shown 


in Table 10. 


I 

i 


i 


.2153936 


Table 7 


\ 

concentration 
o f 

methyl 

jasmonate 

(HM) 

cell 

yield 

Ig/D 

yield • ) 
ol 

baccatin 

III 

(mg/I ) 

yield •; 

Ol 

taxol 

(nig/lj 

yield* ) 

o 1* 

cephalo* 
in a ii n i n e 
( mg/I) 

Comparative 
Example 9 

0 


0.2 

2.8 

1.5 

Example 15 

0.01 

12.2 

0.3 

3.2 

In 

•• 

0.1 

12.1 

0 3 

4.2 

1.6 

- 

* 1 

11.3 

0.4 

4.9 

1.8 

* 

10 

11.3 

0.7 

10.. 1 

. 

2.1 

- 

50 

10.9 

3.1 

10.9 

2 2 

m 

100 

9.8 

9.2 

13.5 

2.0 

- 

250 

10.0 

12.9 

15.1 

20 

m 

500 

t0.6 

13 0 

12.6 

1.9 

• 

1000 

5.9 

1.2 

3.1 

1.8 

Example 16 

100 ( 25 a 4) 

10.7 

14.9 

16.7 

* * 

Example 17 

too 

7 2 

1.2 

4 V 

1.7 

Et.imple 18 

mo 

0 7 

10 <> 

it ’ 

: i 


* ) Tr.it y 1 «t lit W*i:i Ij.ilcul.it IH| im Mu* .imount pt oiltict: t <m 

4 . . u Hi** cull ♦ l*i tin* mml I utn ) . 
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Table 3 
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c o n c c n t r a 1 1 o n 
o i 

jjsmomc 

acid 

(|iM) 

cell 

yield 

(g/i) 

yield • ) 
of 

baccatm 

MI 

i ni g / 1 ) 

yield •) 
o 1* 

Uxul 

(mg/I) 

yield* ) 
o i 

cep halo- 
m d n n i n e 
(mg/l) 

Comparative 
Example ID 

0 

12.2 

o.: 

1.2 

0.4 

Example 19 

0.01 

12.2 

0.3 


0 6 

«• 

0.1 

12.2 

0.3 

3.4 

0.6 

- 

l 

1 1.6 

0.3 

5 0 

US 

- 

10 

11.5 

0.3 

x 3 

2.6 


50 

11.4 

2.3 

10.2 


. 

too 

10.3 

7.2 

12.3 

3.0 

m 

250 

10.1 

10.6 

14.7 

2.7 

- 

500 

10.2 

12.0 

ll.l 

1.1 

n 

1000 

6.7 

12 

I 2 

0 5 


*) The yin Id was calculated based on rho total amount of production 

( tti the ci! 1 1 * in t 1 in medium). 
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1 

I""" 

tone entr anon 
o 1 

methyl 
j aim on ate 

U M) 

cell 

yield 

(B/n 

yield • ) 
0! 

baccatin 

Ml 

< mg/! ; 

>:eld •) 
o t 

I a v j l 

* mg/I) 

yield* ) 
of 

t c p j 1 o * 
til a n ;u n c 
(mg/l ) 

• 

j Comparative 

0 

t:.6 

0.5 

6.3 

* i 

I Example 12 






1 Et ample 2 1 

250 

10.2 

!< ^ 

43 1 

: ^ 


* The yield was calculated based on the total amount of production 
( :n the cell ♦ in the medium). 

Table 10 


• 

concentration 
o f 

methyl 

jasmonaie 

UM) 

cel! 

yield 

(I/O 

yield • ) 
of 

baccatin 

III 

(mg/I) 

yield •) 
of 
t a *ul 

img/l) 

yield* ) 

wl 

ccphalo- 
m jnoinc 
(n.g/l) 

Comparative 

0 

12.3 

0.1 

0.2 

0.2 

£ tannic 13 






F.tamnle 22 

2U) 

:o 2 

3 4 

4 1 

i) i 

| 'Jo in pal an vc 

0 

14.2 

0 2 

0.1 

i) 1 

i 

; Euiitple 14 

1 






Kiumnlc .V 

2«.n 

\2j> 

i: 4 

4 4 

ti ’ 


V 1 '* 1 ' 1 w,t:i ‘Mlcul.il •*8sl ii.i!iud UM t:hu rot.it amount of pi o«Iuul lun 


• Mm ef;lL * in Mu* jimitiinn). 




















[Example 24] 

A part of stem of Taxus baccata LINN which had been previously 
sterilized with 2 £ antiformin solution or 70 % ethanol solution and 
the like, was placed on solid Woody Plant Medium (containing gelan 
gum of 0.25 % by weight) to which naphthalenacetic acid had been 
added to give the concentration of 10*'M, and static culture was 
turned out at 25 ‘C in a dark place to provide callus ot Taxus 
zaccata LINN. One gram fresh weight) of the callus was inoculated 
to an Erlenmeyer flask containing 20 ml of liquid Woody Plant Medium 
tc which the above-mentioned component was added to give the same 
concentration and shake culture was carried out with a rotary 
sr.^.er (amplification of 25 n:m, 100 rpm> and the callus was 
sutcul tured in every 21 days to accelerate the growth rate thereof. 

One gram ( fresh weight ) of the cultured cells thus obtained was 

■» 

inoculated to an Erlenmeyer flask containing 20 ml of liquid Woody 
Plant Medium to which the above-mentioned component was added to 
give the same concentration, and [Ag(S 2 0 a )J >a was added to it as a 
compound containing a heavy metal to give the final concentration 
of 10 *M - IM. Then shake culture was carried out at 25 *C for 21 
day9. 

Aftor completing the culture, cultured collu of Taxus baccata 
harvest ed by filtration and lyophi l l and. then the dry 
-oi pit was measured to nhta In the growth rata thereof. Taxanc- type 


i : *.si penes wore extracted Item the dri.*: '.alius with methanol and 
•:.i: like, and they w.-in •let erm i ned by •;_!np.ii tmj with standard 

'..xM. • in | in. i loin. n it 1 1 iut, and hai:uatiii III untn.j hwjh performance 
U p.id i:li(iiinalin|i aphy t<, m.-asine lint yields of the taxane- type 



f 
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diteroenes. The results are shown in Tabla 11. 

[ [Example 25 ] 

The procedure of Example 24 was carried out except that 

[ Ag( S : 0. ' was added on the 7th day after starting th;e Culture to 
give the final concentration of 10 J M and the culture was further 
carried out for another 14 days. After the completion of the 
culture, the procedure of the Example 24 was carried out. The 
results are shown in Table 11. 

[Example 26] 

The procedure of Example 24 was carried out except that 

[Ag( S,0, ) ,] was added on the 14th day after starting the culture to 
give the final concent ration of 10' : N! and the culture was further 
carried out for another 7 days. After the completion of the 

culture, the procedure of the Example 24 was carried out. The 

% 

results are shown in Table 11. 

[Example 27] 

The procedure of Example 24 was carried out, except that 

( Ag( S.O, ),] *• was added on the 18th day after starting the culture to 
give the final concentration of 10'*M and the culture was further 
carried out for another 3 days. After the completion of tho 
culture, the procedure of Example 24 was carried out. The results 
are shown in Table 11. 

I Example 28) 

The procedure of Example 24 was carried on* .. except that 

| A(j( :J 0 ( ) . ] 1 wa:; added successively a total ot 5 I imuj at 4 day ;’ 
mi five Is st>>i 1 . 1 n<| from the stair. <0 day I or the culture (to give 
the i itial * :oi iceut c a t ion ol 2 a It) each time, md to give tlus total 
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concentration of 10* J M). The results are snown in Table 11. 

[Example 29] 

The procedure of Example 24 was carried out except that methyl 
ester of jasmonic acid (which is a compound represented by the 
general formula (III) wherein R ; \ R 16 , R : \ R ;i , R 1 *, R r ; , r>, r* # r\ 
and R are hydrogen atoms, R~ is methoxy group, n is 1 and C* and C 4 
have a double bond between them) was added on the. 14th day after 
starting the culture to give the final concentraticn of 10‘*M. The 
results are shown in Table 11. 

[Example 30] 

The procedure of Example 24 was carried out except that thn 
flask was put in a vessel (the capacity of 3000 ml) having a gas 
feed opening and a gas discharge opening, then the vessel was closed 
hermetically, and air was so mixed with nitrogen that the 
concentration of the oxygen in a gas to be supplied to the cells to 
be cultured became 10 %, and the gas was supplied through the feed 
opening at the rate of 25 ml per minute. The results are shown in . 
Table 11. 

[Example 31] 

The procedure of Example 30 was carried out except that methyl 
as tar of Jasmonic acid was added on the l 1th day of the culture to 
give the final concentration of The results are shown in 

Table U. 

•* 

r Example ) 

The ptoceduie si Example 24 was ojir :</ l out except rhuL silver 
nitrate Ag(MOj or 10* ‘M was added at the start '0 day) of the 
culture Instead wf [ A«j( IS .O , ) ] * . The results am shown in Table li. 
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[Example 33] 

The procedure of Example 32 was carried cut except that silver 
nitrate of 10’ M was added on the 14th day of the culture. The 
results are shown in Table 11. 

[Comparative Example 15] 

The procedure of Exar.pie 24 was carried out except that 
[Ag( S>0. was not added. The results are snown in Table 11. 
[Example 34] 

The procedure of Example 24 was carried cut except that cobalt 
chloride ;CoCl ; ) was added instead of [Ag( S ; G. ) : ] •' as a compound 
containing the heavy metal to give the final concentration of 10“:^ 
- 1M. The results are shewn in Table 12* 

[Example 35] 

♦ 

The procedure of Example 34 was carried out except that cobalt 
chloride (CoCl,) was added instead of [Ag< SjO* ),]*• to give the final 
concentration of 10'*M on the 7th day after starting the culture and 
the culture was further carried out for another 14 days. After 
completing the culture, the procedure of Example 34 was carried 
out. The results are shown in Table 12. 

[Example 36] 

The procedure of Example 34 was carried cut except that cobalt 
chloride was added to give the final concentration of 10* M on the 
1 4 th day after startir.n tr.e culture and the culture was further 
carried out for .mother 7 jays. After completing the culture, the 
process ot Example 34 w«is carried out. The results are shown in 
Table 12. 


7H - 
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[ Example 37 ] 

The procedure cf Example 34 was carried out except that cobalt 
chloride was added to give the final concentration of iO*M on the 
18th day after starting the culture, and the culture was further 
carried out for another 3 days. After completing the culture, the 
procedure of Example 34 was carried out. The result* are shown in 
Table 12. 

[Example 38] 

The procedure of Example 34 was carried out except that cobalt 
chloride was added successively a total of 5 times at 4 days* 
intervals starting from the start (0 day) of the culture (to give 
the final concentration of 2 x 10' 4 M each time, and to give the total 
concentration of 10* 4 M). The results are shown in Table 12. 
(Example 39] 

The procedure of Example 34 was carried out except that methyl 
ester of jasmonic acid (which is a compound represented by the 
general formula (lit) wherein R'\ R'\ R ,c . R u , R“. R“, R ; , R\ R\ R\ 
and R‘ are hydrogen atoms, R' Is methoxy group, n is 1 and C* and C* 
have a double bond between them) was added as one of jasmonic acids 
to give the final .concentration of 10* 4 M on the 14 th day after 
starting tho culture. The result:; are shown in Table L2. 

[Example 40] 

rite procedure o: Example M was carried our. except that the 
flask w.ri fiut In a ve;:se 1 * r he e.ip.ici **•/ ot toon ml) having a g.r; 
teed opening and a gas dtschatge opening, then the vessel was closed 
hermetically. and air was :io mixed with nitrogen that the 
concent rat. I rn of the oxygen in a »ja:i to bn uuppl led to the cells to 








be cultured became 1C and tr.e gas was supplied through the Seed 
opening at the rate of 25 ml per minute. The results are shewn in 
Table 12. 

[Example 41] 

The procedure of Example 40 was carried out except that ire thy t 
ester of jasmonic acid was added to give the final concentration of 
10 *M on the 14th day of the culture. The results are shown in Table 

12 . 
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; Example 42 ] 

A part cf stem of Taxus baccata LINN* whicr. had beer. previously 
sterilized with 2 % antifomin solution or 7C t ethar.ol so Lut ion and 
the like, was placed on solid Woody Plant tteuiur: t containing ge lan 
gum of 0.25 \ by weight) to which naphtha ler.acetic acid had been 
added to give the concentration of 10*‘M, ar.d static culture was 
carried out at 25 *C in a dark place to provide Taxus baccata LINN 
callus. One gram ( fresh weight) of the callus was inoculated to an 
Erlenmeyer flask containing 20 nil of liquid Weedy Plant V.edium to 
which the above-mentioned component was ceded to give the same 
concentration and shake culture was carried out with a rotary 
shaker (amplification of 25 mm, 100 rpm. and tne callus was 
subcultured In every 21 days to accelerate the growth rate thereof. 

One gram ( fresh weight) or the cultured cells t:..s obtained was 
inoculated to an Erlenmeyer flask containing 20 ml of liquid Woody 
Plant ’'led ium to which the above-mentioned component had been added 
to give the same concentration, then spermidine was added to it as 
amine to give* the final concentration of 10'*M - 1M. Then shake 
culture was carried out a'; 25 *C for 21 days. 

Af tei completing the culture, cultured cells of Taxus baccata 
LINN were harvested by filtration and iyophilized, then the diy 
weight w.iu measured to obtain the growth rate thereof . T.ixnne- t yp.- 
d l ter penes we«e extracted from' the dried cell:; with met h.mo 1 .tnd 
the like, and they wore detenu hied by • .'.mpai i ng with ut.md.nd 
t.ixul, i -eplia 1 i.HMiin i lie , end b.iccat I n III . ;ln<| h.gh p*t i t « e m.int 
I 1 1 (n I d 1 i ' ( .<{ f tiphy tu iiiitiisiiM! t.tm y.lel la ot ■ t»*i t .tx.tfte - f ype 

I' he nt.'iiil l .ue Jinvm in . i . 

-Mi- 
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[Example 43] 

The procedure of Example 42 was carried ou* except that 
spermidine was added to give the final concentration of 10' M on the 
7th day after starting the culture and the culture was further 
continued for another L4 days. After completing tr.e culture, the 
procedure of Example 42 was carried out. The results are shown in 
Table 13. 

[ Example 44 ] 

The procedure of Example 42 was carried c-t except that 
spermidine was added to give the t inal concentration of 10' M on the 
1 4th day after starting the culture and the culture was further 
continued for another 7 days. After completing tr.e culture, the 
procedure of Example 42 was carried out. The results are shown In 

Table 13. 

[Example 45] 

The procedure, of Example 42 was carried cut except that 
spermidine was added to give the final concentration of 10*'H on the 
10th day after starting the culture and the culture was further 
continued for another 3 days. After completing the culture, the 
procedure of Example 12 was carried out. The results are shown in 

Table 13. 

[Example 46] 

This piocisdurn it Example 42 was carried sue »*xcispt th.it 
ut iii*s was added success i v«t l y a total oi r > times at 4 days* 
i ni tsi vi Is starting ! min t Im ;t.n» ( 0 .day ) of t ho sutture Mogi»*.» 
. !»«< i i it a I - • .ncMiii i a *. iwn ' ft ✓ ID ' M •/.ich t Ime. and to g i v** t tic i nt at 
> *i ii ,< *i »ii t t a I m m o I \- *A \ . Tin* i •••ail l S am shown iu Table 11. 
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. Example “ ; 

The pr rci-'li; re of Example 42 was carried out except that methyl 
ester of j?.. Tronic ac:d i which is a compound represented by the 
general formula < 1 1 1 j wherein R*, R ;, v r ; *, p \ r r-*, r* # r» p^ R # 

and R’* are hydrogen atoms, R is methoxy group, n is l and C‘ and C 4 
have a double bond between them) was added as one of jasmonic acids 
cn the 14th day after starting the culture to give the final 
concentration of 10' 4 V.. The results are shewn in Table 13. 

• Example A i ] 

The procedure ot Example 42 was carried out except that the 
flask was placed in a chamber ( the capacity of 3000 ml ) having a gas 
feed opening and a gas discharge opening, then the chamber was 
clewed hermetically, and air was so mixed with nitrogen that the 
concentration of the oxygon in a gas to be suppLied to the cells to 
be cultured became 10 \ and the gas was supplied through the feed 
opening at the rate c‘C 25 ml per minute. The rosults are shown In 
Table 13. 

(Example 49] 


The procedure of Example 48 war; carried out except that methyl 
ester of jasmonic acid was added to give the final concentration ot 
10 \M on the 14th day of the culture. Thu results aro shown in Table 

n. 

I a t : v«: Kx.imple 1 h ] 

T,M * p : • .**»m 1 iii o of Kx.imple 12 was ..Mri'iud out* except tli.it 

w • i * • not . it Mod . The results .tin shown in T»ihlus II - i *'i . 

•* 

• i ix-uii) i 


hit < • ot !.x.i.»4p 1 e t.I i 


.ti 


l*-l * *u \ “Xi upl t.fi.it :tn : t 
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was added instead oi spermidine to jive the final concentration of 
« q- y _ m the results are shown in T3b*e 14. 

[ Example 5 1 ] 

The procedure of Example 42 was carried out except that 
putrescine was added instead of spermin to give ‘the final 
concentration of lO 'M - 1M. The results are shown in Table 15. 
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Hr 3 | t(H | l0 | 3 6 1 l«M»5 I H 57 1 2lL!0—L—lL il 

a> The > TciJ uas calculated based on the total amount of p induction tin the icfl « m the me Jium) } 

hi The lout yield calculated by adding the yield of haccatin III. the yield «• ccphalomaimine and the yield of lanil | 





Table 14 
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The total irleld wee calculated h, addle, the yield ot beeeetln 
III, the yield of cephaloraannine and the yield of taxol. ] 
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Table 15 



conccntra- growth 
(ion ol rale 

put re seine 


Comparative 
Example 16 
Example 5i 



10- J 

2.6 

10*3 

i *» 

I0* 2 

1.34 

10' * 

1.1 

1 

1.0 


0 69 
1.3 
3.47 
S.J9 

II 44 

10.S0 

3.07 

1 06 
0.97 
0.13 


23.79 

22.63 

6.90 

3.134 

2.74 
0 36 


(a): The yield was calculated based on the total amount of 
production (in the cell ♦ in the medium).] 

tb): The total yield was calculated by adding the yield of baccatin 
III. the yield of ccphalomannine and the yield of taxol.] 

[Example 52] 

A part of stem of Taxus baccata LINN which had been previously 
sterilized with 2 % antiformin solution or 70 % ethanol solution and 
the like, was placed on solid Woody Plant Medium (containing gel an 
gum of 0.25 * by weight) to which naphthalonacet ic acid hao ben 
.nidi"! to give tl.n cuiioontrat ion ot 10 M. and static culture w..s 
carried out at 25 C in a da.k place to provide Taxus baccata :.l:c. 

: ,i - ° ,MJ ( the callus was inoculated to 

' U:,H ,i “''» “ning .!() ml of Uguld Woody Plant Medium to 
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wnich the ubove- mentioned component had been added to give the some 
concentration and shake culture was carried cut with a rotary 
shaker ( Simplification of 25 mm. 100 rpm ) and the callus was 
subcultured in every 21 days to accelerate the growth rate thereof. 

One gram ( fresh weight ) of the cultured cells thus obtained was 
inoculated to an Erlenmeyer flask containing 20 mi of liquid Woody 
Plant Medium to which the above-mentioned component had been added 
to give t:.e same concentration, and shake culture was carried out 
at 25 *C for 14 days. Acetylsalicylic acid (HS0CC,H 4 0C0CH, } was 
added as antiethylene agent on the 14th day after starting the 
culture to give the final concentration of 10‘ 4 M - 1M and the culture 
was further continued for anothar 7 days. 

After completing the culture, cultured cells of Taxus baccata 
LINN were harvested by filtration and lyophilized, then the dry 
weight was measured to obtain the growth rate thereof. Taxane*type 
diterpenes were extracted from the dried cells with methanol and 
the like, and they were determined by comparing with standard 
taxol, cephalomannine, and baccatin III using high performance 
liquid chromatography to measure the yields of the taxane-type 
diterpenes. The results are shown in Table 16. 

[Example 53) 

The procedure of Example 52 was carried out except that 
icoty Isa. ;cyl ic aw:d w-m added at the start (0 day * or the culture 
to«jLVfi ir.a ! j s:a i ;wv:i 5 n t ra». ion o r 10 M and the oe l tu i e was carried 
out foi ainii.ti.fi I d..ys . Alter completing the culture. uio 
procedure ol Kx.utip:** Ml was carried out. The results are shown i\\ 
Table lU . 


- f )0 - 
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The procedure cf Example 52 was carried out except that 

acetylsalicylic acid was added on the ?th day after starting the 
culture to give the final concentration of 10‘*M and the culture was 
further continued fer another 14 days. After completing the 
culture, the procedure of the Example 52 was carried out. The 
results are shown in Table 16. 

[Example 55] 

The procedure of Example 52 was carried out except that 

acetylsalicylic acid was added on the 13th day after starting the 
culture to give the final concentration of 10‘^M and the culture was 
further continued for another 3 days. After completing the 

culture, the procedure of the Example 52 was carried out. The 
results are shown in Table 16. 

[Example 56] 

The procedure of Example 52 was carried out except that 

acetylsalicylic acid was added successively a total of 5 times at 
2 days' intervals starting from the 7th day after starting the 
culture ( to give the final concentration of 2 x 10"M each time, and 
to give the total concentration of 10* M). The results are shown in 
Table 16. 

[ Example 57] 

The procedure of Example 52 was cuxriod out except that methyl 
• of jusinome *icid (which ia .» compo iiul i epi oriented by the 

to x :ui 1 1 . i l 111; whurcln 3' 4 , !<•'’. I*". IV*. I # *', !<*,!<’, K*. H . 
and I*' axe hydrogen atoms. H‘ is ruethoxy group, it i:; l .tint and o* 
have a double bond between them) was added on the 1 4 th day utter 
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starting the culture to g:ve the final ccr.cerstratich of The 

results are shown in Table 16. 

[Example 58] 

The procedure of Exar.ple 52 was carried out. except that the 
flask was placed in a charter (the capacity of 30C0 ml) having a gas 
feed opening and a gas discharge opening, then the chamber was 
closed hermetically, and air was so mixed with nitrogen that the 
concentration of the oxygen in a gas to be supplied to the cells to 
be cultured became 10 I, and the gas was supplied through the feed 
opening at the rate of 21 xl per minute. The results are shown in 
Table 16. 

[Example 59] 

The procedure of Exar.ple SB was carried out except that methyl 
ester of Jasmonic acid was added on the 14th day of the culture to 
give the final concentration of 10‘ 4 M. The results ar*». shown in 
Table 16. 

[Comparative Example 17] 

The procedure of Example 52 was carried out except that 
acetylsalicylic acid was not added. The results are shown in Tables 
. - 16. 

[Reference example 1] 

i The procedure of Ex.irpio 52 was carried out except that Ethrel 

j ( C JI.OjCl? ) of ICT’M w.is .j ; Jed instead >f -acetyl3.il lay l ic acid. a:; an 

uthyleno generating agur.t at the :;tart tO Jay) o: the culture. This 
[ results are shown in Tii^io 16. 

(fUituruncu Example 2 ) 

The procedure of Example 52 wan carried out ••xcept that Ethrol 
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of iCT’N! was added instead of acetylsalicylic acid at the 1*1 th day 
after starting the culture. The results are shewn in Table -6. 
[Example 60} 

The procedure of Example 52 was carried out except that 
aminoxyacetic acid hydrochloride [ < H.NOCH COOK ..HCI J was added as 
an ar.tiethy lene agent to give the final concentration of 10"V. - 1M. 
The results are shown in Table 1?. 

[Example 61] 

The procedure of Example 52 was carried out except that propyl 
gal late [ ( HO ) ,C.H. C00CHCH . CH * ] was added as an ar.tiethylene agent to 
give the final concentration of Ij*‘M - 1M. The results are shown in 
Table 18. 
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Table l? 



concentra- 
tion ot' 
am inox y - 
acetic acid 
(Ml 

It f l* u t h 

rale 

Uimesi 

yield 

of 

baccatin 

111 

i m c M 1 

yield 4i 
ot 

eephalo* 
m a n n i n e 
i me/1 . 

yield 4) 
ot 

taxol 
fmfiM i 

total 

yield*>> 

of 

laxanc 

» 

Comparative 

0 

2.7 

0.14 

0.56 

0.23 

0.9S 

Example 1? 







Example 60 

I0- 9 

2.3 

0.21 

0.53 

0.59 


m 

10-* 

1.8 

0.61 

0.62 

BIBB 


*• 

10- 7 

1.7 

0.66 

0.65 

1.02 


« 

10-6 

1.3 

1.08 

0.73 

1.19 


m 

10“ 5 

1.7 

1.30 

1.16 

1.35 

3.31 

m 

10* 4 

1.7 

1.92 

1.22 

2.66 

5.80 

m 

10*3 

1.5 

1.11 


1.61 

3.4> 

u 

10*- 

1.5 

0.32 

0.71 

0.90 

1-93 

** 

10- 1 

1.2 

0.33 

0.26 


1.03 

«• 

1 

0.9 

0 

0 

0 

0 


[a): The yield was calculated based on the total amount of 


production (in the cell ♦ In the medium).] 

[b): The total yield was calculated by adding the yield of baccatin 
HI. the yield of cephalomannine and the yield of taxol.] 
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Table 13 


t 

von.tmrs- 
tu'n 3t 
propyl 
gallate 
* Ml 

growth 

rate 

(times* 

yield 

O 1 

baccatin 

111 

[ m s .* 1 ) 

yield 1 
of 

cephaiu- 
manning 
( me/! 

yield 
o 1 

taxol 
( m s 1 1 > 

total 
y icia 5 * * 
of 

taxanc 

* nie /I ) 

Comparative 

0 

2.7 

0.14 

0.56 

0.28 

0.98 

Example 17 
Example 61 

in - 9 

2.7 

0.41 

0.59 

0.37 

• - 

1.37 


io- * 

2.7 

0.42 

0.68 

0.74 

1.74 

i • « 

10-7 

2.7 

0.55 

0.72 

1.52 

2.79 


I 0‘ 6 

3.1 

1.91 

4.38 

7.66 

13.95 


10-5 

3.0 

oe 

5.07 

8.24 

16.13 


I 0* 4 

3.0 

0.87 

4.42 

6.98 

12.27 


10* 3 

3.2 

0.84 

4.30 

6.96 

12.10 


I 0* 2 

2.9 

0.69 

2.01 

4.33 

7.03 


10* 1 

;.9 

0.48 

0.25 

0.65 

1.38 


1 

1.1 

001 

0 

0 

001 


[a): The yield was calculated based on the total amount of 


production (in the cell ♦ in the medium).} 

[b) : The total yield was calculated by adding the yield of baccatin 
111, the yield of cephalomannine and the yield of taxol.] 

(Example 62] 

A part of stem of Taxus baccate LINN which had been previously 
sterilized with 2 % antiformin solution or 70 % ethanol solution and 
the like, was placed on solid Woody Plant Medium (containing gelan 
gum of 0.25 % by weight) to which naphthalenacetic acid had been 
added to give the concentration of 10~*M, and static culture was 
carried out at 25 *C in a dark place to provide Taxus baccate LINN 
callus. One gram ( fresh weight ) of the callus was inoculated to an 
Erlenmeyer flask containing 20 ml of liquid Woody Plant Medium to 
'which the above-mentioned component had been added to give the same 




i 
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concentration and shake culture was carried out with a rotary 
shaker ( amplification of 25 min, 100 rpn i aiid the callus was 
subcultured in every 21 days to accelerate the growth rate of the 
callus. 

One gram ( fresh weight) of the cultured cells thus obtained was 
inoculated to an Erlenmeyer flask containing 20 ml of liquid Woody 
Plant Medium to which the above-mentioned component had been added 
to give the same concentration, and the flask was placed In a 
chamber ( the capacity of 3000 ml) having a gas feed opening and a 
gas discharge opening, then the chamber was closed hermetically, 
and air was so mixed with nitrogen that the concantration of the 
oxygen in a gas to be supplied to the cells to be cultured became 4 
- 15 %, and while the gas was supplied through the feed opening st 

the rate of 25 mi per minute, shake culture was carried out at 25 *C 
for 21 days . 

After completing the culture, cultured cells of Taxus baccata 
LTNN were harvested by filtration and lyophilized, then the dry 
weight was measured to obtain the growth rate thereof. Taxane-type 
dlterpenes were extracted from the dried cells with methanol and 
the like, and they were determined by comparing with standard 
taxol, cephalomannine. and baccatin 111 using high performance 
liquid chromatography to measure the yields of the taxane-type 
dlterpenes. The results are shown in Table 19. 

[Comparative Example 18) 

The procedure of Example 62 was carried out except that the 
concentration of the oxygen in a gas to be supplied to the culls to 
be cultured was controlled to be 20 I. The results are shown In 


- 97 - 
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Table 19. 

[P.eference Example 3] 

The procedure of Example 62 was carried cut except that the 
cultured c >lls inoculated to the flask were cultured in the 
atmosphere. The results are shown in Table 19. 

[Example 63] 

The procedure of Example 62 was carried out except that the 
concentration of the oxygen in a gas to be supplied to the cells to 
be cultured was controlled to be 10 % and the mixed gas was supplied 
from the start of the culture for 3 days, then air was supplied till 
the end of the culture (for 18 days). The results are shown in 
Table 19. 

[Example 64] 

The procedure of Example 62 was carried out except that the 
concentration of the oxygen in a gas to be supplied to the cells to 
be cultured was controlled to be 10 I and the mixed gas was supplied 
from the start of the culture for 7 days, then air was supplied till 
the end of the culture (for 14 days). The results are shown in 
Table 19. 

[Example 65] 

The procedure of Example 62 was carried out except that the 
concentration of the oxygen in a gas to be supplied to the cells to 
be cultured was controlled to be 10 %, and the mixed gas was 
supplied from the start of the culture for 14 days, then air was 
supplied till the end of the culture (for 7 days). The results are 
shown in Table 19. 
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[Example 66] 

T*ie procedure of Example 62 was carried out except that methyl 
ester cf jacmonic acid (which is a compound represented by the 
general formula ( III ) wherein R‘~. R k ~, R , R * R , R # R » R » R # 
and R = are hydrogen atoms, R* is methoxy group, n is 1 and C* and C 4 
heve a double bond between them; 90 % of which is in the trans-form, 
and 10 % of which is in the cis-form) was added as one of jasmonic 
acids cn the 14th day after starting the culture to give the final 
concentration of 10 - 1000 pM. The results a. * shewn in Tabls 20. 
The productivity of taxane-type diterpene could be remarkably 
improved by combination of supply of oxygen of lew concentration 
and addition of the methyl ester of Jasmonic acid. 

[Example 67] 

Eighty-five gram (fresh weight) of cultured cells obtained in 
Example 62 with accelerated qrowth rate were inoculated in a tank 
for stirred tank culture (capacity of 3000 ml) having an electiuUa 
for a dissolved oxygen concentration and a dissolved oxygen 
concentration controller, into which 1700 ml of liquid Woody Plant 
Medium had been poured. Then stirred tank culture was carried out 
at 25 *C for 21 days while the dissolved oxygen concentration in the 
medium was controlled to be 0.1 ppm or less by adjusting the mixing 
ratio of air and nitrogen. The schematic diagram of the culture 
apparatus is shown in Fig. 3 and the results are shown in Table 21. 
[Example 68] 

The procedure of Example 67 was carried out except that the 

concentration of tho dissolved oxygen was controlled to bo i ppm or 
1 , 1 .;:; t,y jd justing Uu: mixing ratio. The results arc shown in Table 

- i - 
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[Example 69] 

The procedure of Example 67 was carried out except that the 
concentration of the dissolved oxygen was controlled to be 2 ppm cr 
less by adjusting the mixing ratio. The results are shown in Table 
21 . . . 

[Example 70] 

The procedure of Example 67 was carried out except that the 
concentration of the dissolved oxygen was controlled to be 4 ppm or 
lass by adjusting the mixing ratio.. The results are shown in Table 
21 . 

[Example 71] 

The procedure of Example 67 was carried out except that the 
concentration of the dissolved oxygen was controlled to be 6 ppm or 
less by adjusting the mixing ratio. The results are shewn in Table 
21 . 

[Comparative Example 19] 

The procedure of Example 67 was carried out except that air was 
supplied. The results are shown in Table 21. 

[Example 72] 

The procedure of Example 67 was carried out except that the 
concentration of the dissolved oxygen in the medium was controlled 
to bo 4 ppm or less from tho start of the culture for 3 days by 
adjusting the mixing ratio, and air was supplied till the end ot the 
culture ( lor 1C days). The roisults are shown in Table 21. 

[Example 73] 

The piocedu re oi Example 67 was carried out except that the 


100 - 
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cnnrencrat ion of the dissolved oxygen in the medium was control led 
to be 4 ppm or less from the start of the culture for 7 days by 
adjusting the mixing ratio, and air was supplied till the end of the 
culture (for 14 days'. The results are shown in Table 21. 

I Example 74] 

The procedure of Example 67 was carried out, except that the 
concentration of the dissolved oxygen in the medium was controlled 
to be 4 ppm or less from the start of the culture for 14 days by 
adjusting the mixing ratio, and air was supplied till the end of the 
culture (for 7 days). The results are shown in Table 21. 

Table 19 



max oxygen 
concentra- 
tion in the 
ga* phase 
i^) 

growth 

rale 

\ limes ) 

yield 

of 

baccatin 

111 

(me/h 

yield 

of 

ccphaio- 

manninc 

ime/h 

yield »> 
of 
taxol 

(m*/n 

total 

yield^l 

of 

taxane 

imc/l) 

Comparative 

20 

3.0) 

0.78 

1.71 

1.46 

3.95 

Example 18 







Example 62 

4 

2.09 

1.65 

5.24* 

ll-^B 

8.67 

• 

7 

2.60 

3.37 

■ 

1 

13.11 

m 

10 

2.90 

3.19 

7.51 

2.96 

13.66 


15 

2.82 

3.18 


2.18 

12.22 

Example 63 

io«> 

2.79 

1.33 


1.74 

7.95. 

Example 64 

I0 C > 

2.62 

3.21 

1 

1.75 

12 . 1 : 

Example 65 

IOC) 

2.66 

3.17 

B9 

1.92 

1 2.25 

Reference 

20 

3.03 

0.77 

1.23 

0.95 

2.95 

Example 3 





1 



[a>: The yield was calculated based on the total amount of 
production ( in the cell * In the medium) ] 

(b): The total yield was calculated by adding the yield of hacc.tr in 
III, the yield of cepha Lomniuujtc anil the yield of taxol. ] 
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[c : The val-e shews the :^ax oxygen concentration in the gas phase 
in the chamber during the mixed gas supply period.] 

Table 20 


WM 




yield 1 ) 
o !* 

baccatin 

111 

fme/l) 

yield 
of taxol 
(mil) 

yield 4 * 
oi 

ccphalo* 
tu a n it i n e 

( .it »*/. i 

toui 
yield** ) 
of 

taxane 

imq/l) 

Comparative 

20 

0 

3.0t 

0.78 

1.71 

1.46 


Example 13 








Example 62 

10 

0 

2.90 

3.19 

7.31 

2.96 


Example 66 

10 

10 


■SB 

10.24 

1.73 

14.73 

- 

10 

100 

BO 

l!.32 

22.44 

2.29 

36.05 

* 

10 

1000 

1 

112 

3 04 

1.47 

8.61 


[a): The yield was calculated based on the total amount of 

production (in the cell ♦ in the medium) ] 

[b n The total yield was calculated by adding the yield of baccatin 
III, the yield of cephalomannine and the yield of taxol.] 
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Table 21 



max dissolved 
ox y sen 
concentra- 
tion in the 
medium tppmi 

j ro vn h 
r *t 

(times) 

yield 

of 

baccatin 

Ml 

< m « / 1 J 

yield 

of 

taxol 

imc/ll 

yield '* 1 
or 

ccphalo- 

nunninc 

<nn/n 

total 
yield 3 » 
of 

taxane 

< in i! * ! i 

Comparative 

8 

(100") 

?.0I 

0.58 

1 


3.23 

Example 19 








Example 6? 

0.1 

(1.25") 

:.:o 

n.?o 


1.12 

3.87 

Example 68 

l 

U2.S*>) 

2.25 

1.05 

1 

1.22 

5.96 

Example 69 


(25") 

2.49 

2.44 

m':' 

2.70 

10.63 

Example 70 

4 

(500) 

2.75 

3.91 

RffJI 

1.80 

13.35 

Example 71 

6 

(73 c > > 

2.98 

2.52 

5.69 

1.23 

9.44 

Example 72 

4<» 

(50") 

2.39 

1.62 

4.02 

1.54 

7.1 3 

Example 73 

4<J> 

(SO") 

162 

3.32 

X.46 

3.08 

14.J6 

Example 74 


(S0«h 

2.75 

3.19 

7.72 

2.65 

13.56 


[a;: The yield was calculated based on the total amount of 

production (in the cell ♦ in the medium) ] 

[b ) : The total yield was calculated by adding the yield of baccatin 
111, the yield of cephalomannine and the yield of taxol.] 

[c) :The figure in the parentheses shows the ratio ( in % ) of the max 

dissolved oxygen concentration in the comparative example and in 
each example with respect to the saturated dissolved oxygen 
concentration (8 ppm) at 25 ] 

[d) : The value shows the max dissolved oxygen concentration in the 
culture medium during the mixed gas supply period.] 

[ej:The figure In the parentheses shows the ratio (in *) of the max 
dissolved oxygen concentration during the mixed g.ic supply period 
in oach example with respect to the saturated dissolved oxygen 
concentration Ml ppm ) .it 25 *C. ] 

- 10J - 
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[Example ”5 ] 

A part of stem of Taxus baccata 2INN which had beer, previously 
sterilised with 2 \ antiformin solution or 20 % ethanol solution and 
the like, was placed on solid Woody Plant Medium (containing geian 
gum of 0.25 % by weight) to which naphthalenacetic acid had been 
added to give the concentration of 10 ! >!. and static culture was 
carried out at 25 *C m a dark place to provide Taxus baccata LINN 
callus. One gram t fresh weight i of the callus was inoculated to an 
Erlenmeyer flask containing 20 ml of liquid Woody Plant Medium to 
which the above-mentioned component had been added to give the same 
concentration and shake culture was carried out with a rotary 
shaker (amplification of 25 mm, 100 rpra), and the callus was 
subcultured in every 21 days to accelerate the growth rate thereof. 

One gram ( fresh weight) of the cultured cells thus obtained was 
fractionated firstly by a stainless steel mesh and cell clusters 
having the size of 250 - 840 pm were obtained. A density gradient 
with specific gravities of 1.03. 1.05, 1.07. 1.09 and 1.11 (g/»l) 
was produced by the use of Ficoll and the above-mentioned cells were 
layered over it and centrifuged at 700 rpm for 6 minutes. The cells 
were fractionated into each layer according to the -'Ifference of 
the specific gravity. The cells contained in each iayer were so 
fractionated that they were not mixed each other and washed with 2 
% sucrose solution three times or more, to wash off Ficoll. After 
the washing, about 0.1 g ( f resn weight I of the cells were 
transferred r Q a culture well having an inner diameter of 18 mm. 
containing 0.3 ml of liquid Woody Plant Medium end shako culture was 
carried out at 25 'C for 21 days. Aster culturing them for 21 day*. 
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the whole amount of the cells was transferred rc a culture we.- 
having an inner diameter of 36 mm containing 3 mi of the above- 
mentioned liquid medium and shake culture was further continued at 

25 ’C for another 28 days. 

After completing the culture, cultured cells of Taxus baceata 
LINN were harvested by filtration and lyophil.zed, then the dry 
weight was measured to obtain the growth weight thereof per litre 
the liquid medium. Taxar.e-type diterpenes were extracted from the 
dried callus with methanol and the like, and they were determined 
by comparing with standard taxol. cephalomannine. and baccatin ill 
using high performance liquid chromatogrephy to measure the yields 

of the r a ,:ane-type diterpenes. Th * rBSult * are shown in Table 22, 

Fig. 4 and Fig. 5. 

[Comparative Example 20] 

The procedure of Example 75 was carried out except that 
fractionation according to the density gradient was not carried out 
after aeparatiot of the cell clusters by t* • stainless mesh. The 
results are shown in Table 22, Fig. 4 and Fig. 5. 

[Example 76] 

The procedure of Example 75 was carried out except that the 
cultured cells which have the same parent plant, but were induced 
to callus in different stage were used. Provided that the ceils 
contained in a layer having the specific gravity of 1.07 or more 
were collected in one group and cultured. The results are shown in 

Table 22. 

[Comparative Example 21 ) 

The procedure of Example 76 was carried out except that 
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fractionation according to the densi ty gradient was r.oc carried out 
after separation of the ceil clusters by the stainless mesh. The 
results are shewn in Table 22. 

Table 22 




cell yield 
t $ / 1 » 

content *1 of 
baccatin lit 
(ppm) 

content* ' of 
taxol 
< p \> ni i 

content “> of 
cephalo- 
m a n n t it e 
‘ r> p m i 

Comparative 

• 

12.6 

».5 

13.) 

27.5 

Example 20 






Example 73 

<1.03 

12.3 

7.9 

18-J 

1703 


1.03*1 03 

ri 

32.1 

90.1 

123.7 


1.03-1.07 

12.2 

16.3 

93.3 

1 14. | 


1.07-1.09 

12.6 1 

0.0 

39 

12.3 


1.09*1.1 1 

1 1.9 

0.0 




i.n< 

13.3 

0.0 

- 


Comparative 

• 

9.3 

256.5 

864.0 

662.3 

Example 21 






Example 76 

1.03*1.03 

9.0 

131.3 

1660.5 

1030.2 


1.03-1.07 

9.9 

135.7 

1 140.3 



1,07< 

9.5 

190 

333:1 

IftuJ 


[*): The content was calculated by dividing the total amount of 
production (in the cell ♦ in the medium) by the cell yield] 
(Reference Example 4] 

About 0.2 g ( fresh weight) of the cells obtained in Example 75 
which were cultured after being fractionated into a layer having 
the specific gravity range of 1.03 or less (Table 22) were 
inoculated to a culture well having an inner diameter o£ 36 mrr 
containing 3 :nl of liquid Woody Plant Medium and shake culture was 
. carried out at 25 'C for another 28 days. After completing the 
culture, the cells were ago in fractionated by the density gradient 





















I 

i 

i 
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with specific yravitier of 1.03. 1.0b, 1.C7, 1.09 and 1.11 tg/ml). 
7 -media ;aiy af^er the density gradient fractionation, the cells 
■cere collected and the distribution of the fractionated cells and 
the contents sf the taxane-type diterper.es were determined. The 
results are shown in Table 23, Fig. 6 and Fig. 7. 


Table 23 



spc:i!u' 
g r .*» v * t y 
ran/; 

J:snbuiio!i 
of c;lh 
M, i 

content* J of 
baccaun III 
loom) 

■ 

■RX3M1 

content * * ol | 
ccpbalomannine 

i r* r» m 

Re ference 

<! ;3 

:u.2 

13 9 

123.9 

66.5 

Exairple 4 

l.03**;.05 

29.3 

23.1 

MM 

123.7 


l .OS* 1.07 

13.1 



226.0 


1.07*1.09 

8.1 



332.6 


1 09-1 \\ 

6.2 

Ij;; t ~zp£ 


511.8 


i.i ;< 

20.5 

1 


460.2 


[*): The content was calculated by dividing the amount of 

production in the cell by the cell yield.) 

[Example 77] 

One gram (fresh weight) of the same cultured cells that were 
used in Example 1 was Inoculated to an Erlenmeyer flask containing 
20 ml of a liquid containing 10**M - 10"M of potassium 
peroxodisulfata and shaken at 25 *C for 21 days to carry out the 
first stage of the culture. 

After conple ting the cul tut o, the cultured cel I:; wore hurv**s* 
oy filtration and a part ot the cells; were used is otlls i«.r 

the second stage of the culture and the rest cl t:.»* cells .«•*{•* 
subjected to the n.easui eini.sit. ot t.he ceil yield u.d :!»•: 
content in the cell::. Accm : 1 i ng !y . 1 g wm i:*.t j d 


lv)7 
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cultured ceils were inoculated to an Erlenmeyer flask ccr. raining 10 
:nl of liquid Weedy Plant Medium to which naphtha! enac* tic acid had 
been added to give the concentration of 10"M and sha>* culture was 
carried out at 25 J C for 14 days. On the 14th day of the culture, 
methyl jasraonate was added to the medium to give the tcr.centration 
in the medium of 100 pX and the culture was further continued for 

another 7 days. On the other hand, the rest of the ceils obtained 

% 

in the first stage of the culture were lyophilized. then the dry 
weight was measured to obtain the cell yield thereof per litre cf 
the liquid medium. The content of taxoi in the dried cells was 
measured by high performance liquid chromatography. The yield of 
the cells and the yield of taxcl were measured izr the ceils 
obtained by second stage of the culture in the same manner as that 
for the cells obtained in the first stage of the culture. The 
results are shown in Table 24. 

[Comparative Example 22 J 

The procedure of Example 77 was carried out except that 
potassium, peroxodisul fate was not used. The results are shown in 
Table 24. 
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Table 24 



additives to be 
the first stage ot 
cultivation 

used in 
the 

result of the first 
stage of tne culture 

result of the >ccoml 
viage ol the culiuie 

concentration of 
potassium 
pcroxodisulfate 
in the medium 

* ' ’> ^ 

yield of 
cells 

(g/n 

content of 
taxol 
(ppm) 

yield of 
cells 
(g/D 

yield of 
U.tol 
(mg/I) 

Example 77 

I0'5m 

1st day 

mm 

97 

mm 

U.O 


io- 4 m 


IS 

230 

?1E9 

20.4 

•* 

J * I0"*M 

- 

mm 

183 

14.4 

16.3 


io-5m 

- 

13.2 

84 

13.0 

13.6 



- 

140 

45 

12.1 

11.7 

Comparative 

* 

• 

16.5 

33 

13.4 

10.1 

Example 22 








[Example 78) 

A hundred grams (fresh weight) of the same cultured cells that 
were used in Example l were inoculated in a tank for stirred tank 
culture (capacity of 2 liter; Fig. 8) filled with 1 liter of 
standard liquid Woody Plant Medium (sucrose concentration: 20 g/1, 
nitrate ion concentration: 14.7 mM, a-naphthalenace tic acid: 10*’*M) 
to which 2 mM (Ag(S,0,)J* a had been added, and the culture was 
started at 25 *C in the dark at the agitation rate of 40 rpm, while 
air was fed at 0.1 liter per minute, and a medium containing 20 g/1 
of sucrose and 20 mM of sodium nitrate was supplied continuously in 
a period starting from the second day till the 14th day of the 
culture in such a manner that the amount of the sucrose added in one 
day bocaim* 2 g/l and the amount of nitrate Ion added in ono day 
l>~c.tmrt 2 mmol'l, and the culture solution was continuously taken 
out through a dl:;t:liai go opening, which was different I rom thu 





















,2153936 

nutrition source feed opening, and to which a stainless filter of 
100 mesh was attached, at the same rate as that of the addition of 
the nutrition source solution (the medium renewing ratio in the 
culture vessel was 10 % per day) to carry cut stirred tank culture 
for 21 days. After completing the culture, the cultured cells and 
the medium were collected and the yield of taxol was measured in the 
same manner as that used in the said Example 1. The results are 
shown in Table 25. 

[Comparative Example 23] 

The procedure of Example 78 was carried out except that the 
nutrition source was not added midway. The results are shown in 
Table 25. 

Table 25 



yield of cells 

v i e Id 

uf 

• nol (melt 


(i! dried weiuht /! 1 

from cells 

from medium 

lOUt 

Example 78 

.18 

31 

89 

1-5 

Comparative 

22 

33 

27 

60 

Example 23 


♦ 

• 



[Example 79] 

Fifty grams { fresh weight) of the same cultured cells that were 
used in Example 1, and 1 liter of liquid Woody. Plant Medium were 
transferred to a culture tank (capacity of 2 liter) and the culture 
was carried out at 25 'C in the dark at the agitation rate of 40 rpm, 
«it tho an rat Lon speed of 0. I liter per minute for 14 days. The 
precipitated cell volume ( I’CV ) measured on the 14th day alter 
staitiui] i ho cnl tui n was 0. 2 liter. From the I4t.lt day, supply ot a 
l rush medium, whoiein ImM 1 Ag( S.O, ) | ** li.nl been added to the medium 

- I III - 
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or the sarr.e composition as tnat of the initial r-edium, ns well as 
taking out of a culture solution which was free from cells were 
started. The amount of the fresh medium to be supplied per day was 
2/5 of the PCV at that time and the amount of the culture solution 
free from the cells to be taken out was controlled to be 1 liter. 
On the 35th day after starting the culture. PCV reached 0.6 liter. 
After that, the stationary state was maintained by taking out the 
culture solution containing cells once a day to keep the average PCV 
to 0.6 liter and by taking out the culture solution free from cells 
to keep the amount of the culture solution to 1 liter. The culture 
was carried out for 90 days after the start of the culture. The 
amount of the fresh medium supplied during the stationary state of 
60 days was 15 liters, the amount of the medium taken out of the 
culture tank was 1-1 liters and the amount of the cells obtained was 
0.15 kg ( dry weight ) and the specific growth rate u was 0.08 ( day* 5 ) , 
the average medium renewing ratio was 2.88. The results of the 
analysis of cells and medium taken out from the culture tank under 
stationary state showed that 525 mg of taxoi was produced. That was 
equal to the productivity of 8.8 mg/llter/day . 

The amount of the taxoi contained in the cell9 and the medium 
wero measured In the same manner as that used in Example 1.* 
(Example 80] 

El tty grams ( fresh weight} of the same cultured cel Is tli.it weio 
used in Example 1 and l liter of liquid Woody Plant Medium were 
trails! erred to a culture tank (capacity of 2 liters) and the culture 
was call led out in the dark, at the agitation rate of 40 ipm, at. 2*i 
*<: tin 14 days, wiiile an ait to winch l 4 carlxxi diuxide gas had heeii 

- I ! I - 1 
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added was ted at O.i liter per minute. After completing the 
culture, the cells and the medium were collected and 15.2 g of dry 
cells were obtained. Determination of the amount of taxol 

contained in the cells and in the medium which was carried out in 
the same manner as that used in Example 1 showed that 31 mg of taxol 
was produced. 

[Comparative Example 24] 

The procedure of Example 1 was carried out except that jasmone 
was added instead of methyl tuberonate to give the final 
concentration of 0. I - 1000 yjM. The results are shown in Table 26. 
[Comparative Example 25] 

The procedure of Comparative Example 24 was carried out except 
that jasmone was not added. The results are shown in Table 26. 

Table 26 



concentra- 
tion of 
jasmone 
<HM) 

cell 
y i e 1 tl 

in/i i 

yield"’' of 
haccatin III 
<mg/l) 

yield* > 
of uxol 
(mg/I) 

yield*' of 
cephalo- 
mannmc 
( *tt2 / t ) 

Comparative 

0.1 

12.2 

0.3 

3.0 

1.2 

Example 24 






- 

1 

12.1 

0.4 

3.2 

1.0 

- 

10 

11.3 

0.3 

3.3 

0.8 

- 

100 

11.3 

0.3 

3.2 

0.6 

«* 

1000 

I0. 1 / 

0.2 

2.5 

0.8 

Comparative 
Example 25 

0 

um 

0.2 

■n 

IS 


{*): ‘ttu! y in lit w.iii calculated based on the total amount of 

product: inn ( in this msll ► in the medium) | 
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Industrial -Applicability 

The present invention allows industrial production of a 
taxane-type diterpene including taxol which is useful as a 
therapeutic agent for ovarian cancer, mammary cancer, lung cancer 
and the like. 
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CLAIMS 


1. A method of producing a taxanfe-type diterpene wherein tissues 
or cells of a plant which produce taxane-type diterpenes are 
cultured in the presence of at least one selected from the group 
consisting of jasmonic acids, compounds containing a heavy metal, 
complex ions containing a heavy metal, heavy metal ions, amines and 
antiethylene agents, then the taxane-type diterpenes are recovered 
from the resulting cultures. 

2. The method according to claim l, wherein the culture is earned 
out in the presence of jasmonic acids. 

3. The method according to claim 2, wherein jasmonic acids are 


compounds represented by the general formula ( I ) : 



t * 




( U 


R, R* 

(CH, ) . - CO - R f 


[wherein, R u . H 1 *, R ,c , R 1 * 1 , R u and R ,f respectively represent 
hydrogen atom, hydroxyl group, alkyl group having 1 to f> carbon 
atoms, or alkoxy group having l to 6 carbon atoms; 

H J , l<‘. It*, It'* and It'* respectively represent hydrogen atom <u alkyl 
gioup having l to it earhon atoms; 

a side eha l n *:mr: i *H mg of * «!** - O' - (.'* • t! ' - <’*' may »:ont .t i u • me .a 
mot e double bonds; 

|i ,,# rep* •*siuii :i hydroxyl group or -O- cai hohydi a t •: residue; 




2153536 

R represents hydroxyl group, OM (wherein M is alkali metal atom, 
alkaline earth metal atom or NH,), NHR* (wherein R* represents 
hydrogen atom, acyl group having 1 to 6 carbon atoms, alkyl group 
having 1 to 6 carbon ctoms or amino acid residue), OR* (wherain R' is 
alkyl group having 1 to 6 carbon atoms or carbohydrate residue ) , or 
alkyl group having 1 to 6 carbon atoms; 
n is an integer of 1-7; 

and in the above-mentioned f ive -membe red ring, a double bond may be 
formed between the neighboring member carbon atoms]. 

4. The method according to claim 3, wherein Jasmonic acids 
represented by the general formula ( I ) are compounds represented by 
the general formula (l 1 ): 


0 



(wherein, R‘ represents hydrogen atom or hydroxyl group; 
a side chain consisting of C‘- O'- C ‘ - C 4 - - C* may contain a 

double bond between C‘ anil C\ bo tween C' aiul C\ or between C* and C! 4 ; 
r*' represents hydroxyl gioup or *o- carbohydrate residue; 

R represents hydtoxyl gioup, OM f wherein M is alkali metal atom, 
•tike, lino eai tli metal atom oi Nil,). NIIR 4 * I whom in R" t*‘ptesenl-: 
hydiogen »tom, acyl gioup having l to 4 carbon atoms. alxyl group 
having l * n -l cm hen at nitis oi amt no acid residue ) ot OK* (wheieluK* 
t *gu a alkyl gioup having 1 to 4 caribou atoms or » :ai b« ihydi ate 


IIS- 
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residue); 

n is an integer of 1-7; 

and in the above-mentioned f ive-membered ring, a doable bond may be 
formed between the neighboring member carbon atoms]. 

5 . The method according to claim 3. wherein a compound represented 
by the general formula ( 1 ) is tuberonic acid or methyl tubercnate. 


6. The method according to claim 2, wherein jBsmonic acids are 
compounds represented by the general formula (111: 

o* R* R * 

OH 


R 

l 



.. I I 

_ i 

R i " 


(in 


r” r’* (CH, ) . -CO-R’ 

(wherein. R>\ R'\ R u '. R*\ R ,# respectively represent 

hydrogen atom, hydroxyl group, alkyl group having 1 to 6 carbon 
atoms, or alkoxy group having 1 to 6 carbon atoms: 

R 1 , R\ R 4 , R" and R* respectively represent hydrogen atom or alkyl 
group having i * to 6 carbon atoms; 

a side chain consisting of C'- C'- C* - C* - C' - C* may contain one or 
moil! doublu l>onil:*; 

R* i«!|)n;:n*i>t:j liyilnixyl group, OM (whaioln M lu alkali im-tal 

alkal Inn mot.al atom or NH.i, NHM’ iwl.oi.u.* !<’ r.g.tos.fi" 

»,y,l,o.|.-i. at (<in, a.:yl having l to «. ..athon atom-., alkyl 

having 1 l.o i. cal him at own or amino aciil i •••»». Inn I . IIP* t wlioimn l< * ** 
alkyl gi imp h.iv i ng 1 m :.i« h.ihy.li .H •• "t 


1 i <1 
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alkyl group having 1 to 6 carbon atoms; 
n is an integer of 1-7; 

and in the above-nentioned f ive-membered ring, a double bond may be 
formed between the neighboring member carbon atoms ] . 

7. The method according to claim 6, wherein jasmonic acids 
represented by the general formula (II) are compounds represented 
by the general formula (II* ); 


Oh 



(CH, ) , -CO-R” 


(wherein, R ; represents hydrogen atom or hydroxyl group; 
a side chain consisting of C‘- C'- C J - C 4 - C s - C* may contain a 
double bond between C 1 and C\ between C 2 and C 1 , or between C* and C 4 ; 
H 1 represents hydroxyl group, OM (wherein M is alkali metal atom, 
alkaline earth metal atom or NH,), NHR* (wherein R* represents 
hydrogen atom, acyl group having 1 to 4 carbon atoms, alkyl group 
having 1 to 4 carbon atoms or amino acid residue) or 0R # (wherein R* 
represents alkyl group having l to 4 carbon atoms or carbohydrate 
residue j ; 

n Is an Integer of 1-7; 

tintl in t*io iibovii'iiuint. ioiitul t i v«t t >i iloiitti** IhjikI m«ty ln> 

form* si between the iu> lghhtir 1 ng ni<Miitji!i c.itliun .itoin:]|. 

H. Tins :miUioil .ict:oi d I iwj to claim wherein » . :cintpouiu| t opt orient ed 
by l he *|» , n»*i .i I foiinul.i t M > i ; fuourhio ar:M .»i imd’liyl cuirui ti.it e , 

* 11 / - 



I 
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9. The method according to claim 2. wherein jasrtonic acids are 
compounds represented by the general formula (Ill/t 



R 

i 




/III) 


[wherein, R ; \ R b , R ; \ R : * and R :s respectively represent 

hydrogen atom, hydroxyl group, alkyl group having 1 to 6 carbon 
atoms, or alkoxy group having 1 to 6 carbon atoms; 

R* , R ‘ , R\ R^ and R’ respectively represent hydrogen atom or alkyL 
group having 1 to 6 carbon atoms; 


a side chain consisting of C l - C'- C‘ - C* - C' - C* may contain one or 
more double bonds; 

R ? represents hydroxyl group, OM (wherein M is alkali metal atom, 
alkaline earth metal atom or NHJ, NHR - (wherein R* represents 
hydrogen atom, acyl group having 1 to 6 carbon atoms, alkyl group 
having l to 6 carbon atoms or amino acid residue), GR' (wherein R* Is 
alkyl group having l to 6 carbon atoms or carbohydrate residue), or 
alkyl group having l to 6 carbon atoms; 


n is an Integer ot 1-7; 


and In the above-mentioned f l ve-tnoinhered ring, a double bond may bn 
toimnd between the no I ghbor Iihj member carljon atemn | . 

10. The method aecotdlng to »:laiin •), wherein )a:;incmic tolda 
i <*pt esent ml by the geneial. luiuml.i ( III ) am compound:; t opt eauiitvd 


l IM - 



by the general formula dll' ), 
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[wherein, R* represents hydrogen atom or hydroxyl group: 
a side chain consisting of C- C *- C* - C 4 - C* - C* say contain a 
double bond between C l and C\ between C 2 and Z\ or between C and C 4 ; 
R ? represents hydroxyl group, OH (wherein M is alkali metal atom, 
alkaline earth metal atom or NH«), NHR* wherein R 1 represents 
hydrogen atom, acyl group having 1 to 4 car-on atoms, alkyl group 
having 1 to 4 carbon atoms or amino acid residue) or 0R V (wherein R* 
represents alkyl group having 1 to 4 carbon atoms or carbohydrate 
residue); 

n Is an integer of 1-7; 

and in the above-mentioned five-membered ring, a double bond may be 
formed between the neighboring member carbon atoms]. 

11. The method according to claim 9, wherein a compound represented 
by the general formula (III) is jasmonic acid or methyl jasmonate. 
d. The method according to claim 2, wherein the concentration ot 
jasinouic acids in a tissue cuLture medium is 0.0 1 - 1000 pM. 

13. The method according to claim 2, wherein jasmonic acids are 
added Otu cel t:uiod cells are in the exponential growr.li phase 


or in the stationary phase. 

11. The method according to claim 2. wherein jnixnonto acid:; ate 
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added to the culture medium in a plurality of parts or continuously. 

15. The method according to claim 1, wherein the culture is carried 
out in the presence of at least one selected from the group 
consisting of compounds containing a heavy metal, complex ions 
containing a heavy metal and heavy metal ions. 

16. The method according to claim 15, wherein the heavy metal is 
silver. 

17. The method according to claim 16, wherein the compounds 
containing silver are at least one compound selected from the group 
consisting of silver nitrate and silver sulfate. 

18. The method according to claim 16, wherein the compounds 
containing silver are at least one compound selected from the group 
consisting of silver fluoride, silver chlorate, silver perchlorate, 
silver acetate, silver sulfite, silver hexaf luorophosphate( V). 
silver tetraf luoroborate, diamine ailver( I ) sulfate, and potassium 
dlaminoargentate( I ) . 

19. The method according to claim 16, wherein the complex ions 
containing silver are at least one ion selected from the group 
consisting of [ Ag( S.O^ ),] and (AgCS/),),]' . 

20. The method according to claim 16, wherein the complex ions 
containing silver are at least one ion selected from the group 
consisting of [Ag(NH,),]\ [Ag(CNi,]\ [ Ag( CN ) ,1'*. [Ag(SCN),]\ and 
[ Ay ( SCN ), ] ** . 

21. The method according to claim 16, wherein tno concentration of 
compounds containing silver. complex ions containing silver or 
silver ion is 1 Z ’M - 

22. The method according to claim 16, wherein the concentration of 


120 - 



I 
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compounds oontsinlno d»t. coopl.s ion. contsiniog siiv.r or 
silver tor. is 10’>! - 10*‘M. 

23. The method according to claim 15. wherein the heavy metal is 
cobalt . 

24. The method according to claim 23. wherain the compounds 
containing cobalt are at least or.e compound salected from the group 
consisting of cobalt chloride, cobalt nitrate and cobait sulfate. 

25. The. method according to ciaim 23. wherein the compounds 
containing cobalt are at least one compound selected from the group 
consisting of cobalt fluoride, cobalt perchlorate, cobalt bromide, 
cobalt iodide, cobalt selenate, cobalt thiocyanate, cobalt acetata. 
ammonium cobalt sulfate, cobait(II) 

potassium sulfate, hexaamminecooaltc III > chloride. 

pentaammineaquacobalt' III ) chloride. nitropentaa»»inecobalt( US) 
chioride. dichlorotetraamminecobaltl XII ) chloride hemlhydrate. 
dinitrotetraamminecobalt( III ) chloride, 
carbonatotetraamminecobalt( III ) chloride, 

ammonium tetranitrodi amminecobaltatet III ) , 

sodium hexanitrocobaltat e< HI ). tris( e thy lenedi amine )cobalt ( III) 
chloride trihydrate. dichlorobis( e thy lenedi amine Jcobal t( III) 

chloride, potassium tris( oxalato >cooaltate( H I ) trihydrate, 
potassium hexacyanccobal tate( 1 1 1 ) . potassium 
( e thy ionedi amine tetraacetate )cobaltato( III) dilv/drate. 
l\ydr idotetracarbony IcobaL tl l ) . 

*i icarueny i ( cyr. I open tail ieny l )cohaltl I). ootaoarbony IU tcob.i I n o , . 
hex.icarbony l< acts r.y ion* s Wli^obaltn 0», 

bls( cyciopentiui i ony L ioob.1 1 1. ( l ) , and 


121 
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N , N-diethyi- 1 , 3 -propane tii amine, liethylene triamine and a salt 
thereof . 

33. The method according to claim 31, wherein the concentration, zz 
the polyamir.es is Ij'M - 10' M. 

34. The method according to claim 31, wherein the concentration if 
the polyamir.es 10" M - 10'*M. 

35. the method according to claim 30, wherein the culture is carried 
out in the presence of amines and jasitK.nic acios. 

36. The method according to claim 1, wherein the culture is carried 
out in the presence of an antiethylene agent. 

37. The method according to cLaim 36. wherein the aneiethy lor.e 
agent is a compound which inhibits the activity of an enzyme which 
catalyzes the conversion of S-adenosy imethionine i: tc 
1-aminocyclopropane- 1 -carboxylic acid. 

30. The method according to claim 37. wherein the antiethylene 
agent is at least one compound selected from the group consisting 
of aminoxyacetic acid, acety lsal icylic acid, Rhizobitoxir.e, 
aminoethoxyviny lglycine, methoxyviny lgiycin*. a-aminolsobutyr :c 
acid, and a salt, on ester, an amino acid derivative and a 
carbohydrate derivative thereof. 

39. The method according to claim 36, wherein the anclethylene 
agent is a compound which inhibits the activity of an enzyme which 
catalyzes the conversion ct l -ami nocyclopropane -1 -carboxylic acid 
into ethylene. 

40. The method according to claim V) . wherein the ant lathy l i-im 
agent i:t at: least: one compound elected l tow the group eonuiut ; ng 
ot gallic acid, and a ::alr. in •• ;ter, an amine tcid derivative and 


I .! 1 - 
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t 
1 
j 

a carbohydrate derivative thereof. 

41. The method according to claim 36. wr.erem ve ant i ethylene 
agent is a substance which removes the ethylene renaming in the 
cultures or existing* in the gas phase or in tl.* medium in the 
culture vessel containing the cultures. 

42. The method according to claim 41 , wherein t.te antiethylene 
agent is at least one compound selected from the croup consisting 
of 1 , 5-cyclooctadiene, and isothiocyanic acid, a salt, an ester, an 
amino acid derivative and a carbohydrate derivative thereof. 

43. The method according to claim 36, wherein the concentration of 
the antiethylene agent is lO^M - 10‘ : M. 

44. The method according to t lain* 36, wherein the concentrat ion of 
the antiethylene agent is 10' M - 10“M. 

45. The method according to claim 36, wherein the culture is carried 
out in the presence of an antiethylene agent and ; isir.cn ic acids. 

46. The method according to claim 1, wherein the taxane-typc 
diterpene is at least one compound selected from the group 
consisting of taxol, 7-epitaxol, baecatm III. 7-c-pibaecatin III, 
cephalomannine, 7-epicephaloraanninQ, 10-deacoty Lbaccatin III, 
10-deace tylcephalomannine, 10-deacety Itaxol , taxagifine, xylosyl 
cephalomannine, and xylosyl taxol. 

47. The method according to claim l, wherein the plant which 
produces the taxane-type di tor pone is a plant belonging to gunus 
Taxus. 

4H. Tin* ini*i.hii«t .it :(:ni <t | ug t rj t: I .» I in 47 . wh«*titin Hi.- In* l. mg i ng 

» g.inui T.txit:; t:i .it liM.it. unit -plant i«* I • t •** I t i < mi tin- group 
• :;i: ing ui Taxus h.iccai a I.INN, Taxus on ipi.ta? « nr ;:ucr. 

- l.M - 
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Taxus cuspidata SIE3. et iUCC var. nana REH3ER. Taxus brevifolia 
:,UTT - Taxus -anadlensis MARSH. Taxus chinens. is., and Taxus aeiu. 

49. The met. nod according to claim 1. wherein cells of the plant 
which produces the tuxar.e-type diterpene are fractionated into a 
plurality of layers according to the difference in their specific 
gravities, and cells contained in at least cr.e layer are cultured. 

50. The method according to claim l. wherein the tissues or the 
cells of the plant which produce the taxane-type diterpene are 
cultured by con troll ing the oxygon concentration in a gas phase in 
a cuituro vessel to loss than the oxygen concentration in the 
atmosphere. from the initial stage of the cuituro. or by 
controlling the dissolved oxygon concentration in a fluid medium 
which is in contact with the tissues or the cells to less than the 
saturated dissolved oxygen concentration at that temperature, from 

imci.il jtaij dot i.ht: 

51. A method of producing a taxane-type diterpene wherein tissues 
or colls of a plane which produce a taxane-typo diterpene are 
cultured by carrying out a two-stage culture, comprising a first 
stage using a medium to which an oxidizing agent or a water soluble 
organic compound containing oxygen is added ami a second stage 
which is carried out according to tho production method of claim l. 

then the taxane-typo diterpene In recovered from tho resulting 
culturon. 

52. The method according to claim I. where:,, ,he rineuea or the 

cell:, the |>l am wh , , h produce , he . axat.e - , y,„. dMe.peee are 

.:..Uu,.H||,y in:,, lire 

(•OMt .1 1 II i iif| ,.|m ill .1 i, in , lf . . |(| %| { |(1(| ()| 


* 1 .Vi - 
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nitrate ion in a concentration of 2 - 50 nmol 1. then by adcir.g a 
nutrient source solution containing the saccharide tr. an amount of 
0.2 - 5 g,' 1 . and or nitrate ion in an amount of 6.2 - 5 mmol 1 per 
day based on the initial volume of the said culture medium, 
continuously or intermittently to the culture medium, then the 
taxane-type diterpene is recovered from the resulting cultures. 

53 . The method according to claim 52, wherein the culture is carried 
out while the culture medium is renewed by adding the nutrient 
source solution and separating and removing the same volume of the 
culture medium from the tissues or the cells, and t re taxane-type 
diterpene is recovered from at least one substance selected from 
the resulting tissues and/or cells, the culture medium recovered 
during the culture and obtained at the end of tho culture. 

54. The method uncording to claim l, wherein a fresh .medium is added 
continuously or intermittently in such a way that the specific 
renewing ratio defined by the dimensionless number F - y. V p 
(wherein, V is the total volume of the culture solution in a culture 
tank, V, is the feed speed of the fresh medium, aiul p is the specific 
growth rate of the tissues or the cells) is in the range of 0.1 to 
10, and tho taxane-typo diterpene is recovered from the culture 
medium and the tissues or the coils contained In tho culture medium 
which is continuously or intermittently taken out from the tank 
and/or fiom the culture medium containing no tissue ami cell which 

t H emit iniMJim I y a Hit at mi 1 1 uni 1 y taken out: I tom the tank. 

V>. Tho method arcmdtng to claim l, whom in i he ’ i ssunu -n tin* 
col In nl tho p! mt which produce the tax.tho-typn titotpone am 
<:uli uh'il l»y l.lit* . .«■ • d • ixygon i c gas cunt a t iting (1.01 - it) i. • #r ■ ■ at Imiii 

* l .'.Cl - 
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dioxide to be introduced to the culture vessel. 

56. A method of producing a taxane-type diterpene wherein tissues 
or cells of a plant which produce a taxane-type diterpene are 
cultured by controlling the ..xygen concentration in a gas phase In 
a culture vessel to less than the oxygen concentration in the 
atmosphere from the initial stage of the culture, or by contra ling 
the dissolved oxygen concentration in a fluid medium which is in 
contact with the tissues or the cells to less than the saturated 
dissolved oxygen concentration at that temperature from the initial 
stage of the culture, then the taxane-type diterpene is recovered 
from tl.a resulting cultures. 

57. The method according to claim 56, wherein the tissues or the 
cells of the plant which produce the taxane-type diterpene are 
cultured by controlling the oxygen concentration in the gas phase 
in the culture vessel to 4 - 15 %, or by controlling the dissolved 
oxygen concentration in the fluid medium which is in contact with 
the tissues or the colls, to 1 - 75 % of the saturated dissolved 
oxyran concentration at that temperature. 

58. The method according to claim 56, wherein the tissues or the 
cells of the plant which produce tho taxane-type diterpene are 
cultured by control ling thu oxygen concentration in the gas phase 
In the culture vessel to 6-12 l, or by controlling thu dissolved 
oxygen concentration in the fluid medium which is in contact with 
the tissue or thu cull, to 10 - 75 4 of the saturated dissolved 
oxygen concentration at that, temperature. 

V) , Til*? i»« it tied . h *i !i>f f 1 1 eg to i : i a i in 'iti , whet e l it the t Issue • n i tie eel 1 
tit the plant will »:li |» induce l he t axaiie - 1 ype d 1 1 ei peiie i s • :u l t'lii ed !<y 

- 1.17 - 
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controlling the oxygen concentration in the gas phase in the 
culture vessel, or the dissolved oxygen concentration in the fluid 
medium by adjusting the oxygen concentration in aeration gas to be 
supplied to the culture vessel and/or to the culture medium, or by 
adjusting the feed speed of the aeration gas to be supplied to the 
culture vessel and/cr to the culture medium, 

60. The method according to claim 56, wherein the controlling of 
the oxygen concentration in the gas phase in the culture vessel or 
the controlling of the dissolved oxygen concentration in the fle d 
medium which is in contact with the tissues or the coils is started 
between the beginning of the culture and the 7th day after the start 
of the culture and the controlling is kept at least for 3 days, 

61. The method according to claim 56, wherein the taxane-type 

•Utoipone is at least: one compound selec to J from the group 

consisting of taxol. 7-epitaxol, baccatin III, 7-epibaccatin III, 
cephaloinannine, 7-cpicephalomannine, 10-deace tylbaccatin III, 
l 0-deace t y Icnphalomannine , 10-deacetyl taxol , taxagifine, xylosyl 
cephalomannlne, and xylosyl taxol. 

62. The method according to claim 56, wherein the plant which 
produces the taxane-typo diterpene is a plant belonging to genus 

TdXUS. 

63. The method accord ing t o claim hb, wherein the culture is carried 
out in the presence of JoumotUi; acids. 

n4 . A method ot producing a laxaiii*- typo dlleipmut wIhimmii t. imams 
or cnlln nl a pi. mi. which product* a t ax. mo - 1 yp«« «| I tni petut ,u 
i:ul t.uied by carrying nut a two-utago culture, ooiupi l g l ng a tlrut 
•»t a»|n tint tig a nmd i uni t o wh 1 . h an mt I d i zi nt| agent or » water *.ul:it>l«* 

- I - 
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organic compound containing oxygen is added and a second stag* 
which is carried out according to the production method of claim 5c . 
then the taxane-type diterpene is recovered from the resulting 
cultures. 

65. The method according to claim 56, wherein the tissues or r he 
cells of the plant which produce the taxarte- typo diterpene are 
cultured by inoculating the tissues or the cells in a culture medium 
containing a saccharide in a concentration of 2 - 50 g/1 , and. cr 
nitrate ion in a concentration of 2 - 50 mmol/ 1, then by adding a 
nutrient source solution containing the saccharide in an amount c: 
0.2 - 5 g/L, and/or nitrate ion in an amount of 0.2 - 5 mmol/ l per 
day based on the initial volume of the said culture medium, 
continuously or intermittently to the culture medium, then the 
taxanu-typu diterpene is recovered from the resulting cultures. 

66. The method according to claim 65, wherein the culture is carried 
out while the culture medium is renewed by adding the nutrient 
source solution and separating and removing the same volume of the 
culture medium from the tissues or the ceils, and the taxano*type 
diterpene Is recovered from at least one selected from the 
resulting tissues and/or cells, the cul tut o medium recovered during 
the culture and obtained at the end of the culture. 

67. Thu method according to claim 56, wherein a fresh medium is 
.willed continuously or inlet mi L tent l y in such a way that the 
specific lenowlng ratio « lei l lied hy t lie dimensionless luimliei I 
V,/V/p (wherein, V h the total volume ot t he cu I t m e so I ut !• in in a 
cult in n tank, V, is t lie tend spend of the ! I esh medium, anil p Is the 
spec it ic gi owt h t at e ol l lie t. i suites of r he » *n Its) is lilt he range • it 


• I 2*1 
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0.1 to IU. an d the taxane-type diterpene is recovered izzm the 
culture medium and the tissues or the cells contained in the culture 
medium which is continuously or intermittently taken out from the 
tank and/or from the culture medium containing no tissue ar.d cell 
which is continuously or intermittently taken out from the tank. 
63. The method according to claim 56. wherein the tissues or the 
ceils of the plant which produce the taxane-type diterp ene are 
cultured by the use of oxygenic gas containing 0.03 - 10 * of carbon 
dioxide to be introduced to the culture vessel. 

69. A method of producing a taxane-type diterpene wherein tissues 
or cells of a plant which produce a taxane-type diterpene are 
cultured by the use of oxygenic gas containing 0.03 - 10 % of carbon 
dioxide to be introduced to the culture vessel, anil the tuxar.e- type 
diterpene is recovered from the resulting cultures. 

70. A method of obtaining highly productive cultured cells for 
taxane-type diterpene, wherein cultured cells of a plant which 
produces a taxane-type diterpene are fractionated into a plurality 
of layers according to the difference in their specific gravities, 
and cells contained in at least one layer are cultured, then highly 
productive culturod cells for the taxane-type diterpene are 
selected from among those cultured cells. 

71. The method accenting to claim 70, wherein the plant winch 
piodoceg tint • axaito- type <11 t«u |»itii«t In a plant ho Jong lag * j g.tnun 
Taxui. 

73. Tin! mot hod acrotdlng to claim 70, whom in colic ><>itta t r*»<l in a 
1 »V«ii having th«* *»p«*c i t 1 c giavit. y <>l I.U7 m loua at o cu 1 1 ami . 

C* * . 3 

Fi..:: * < 
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ABSTRACT 

This invention relates to a method of producing a taxane-type 
iiterpenet s > wherein tissues or cells of a plant which produces 
taxane-type diterpenais) is cultured in the presence cf at least 
cne selected from the group consisting of jasmonic acids, compounds 
containing a heavy metal, complex ions containing a heavy metal, 
heavy metal ions, amines and antiethylene agents, a method of 
producing a taxane-type ditsrpene wherein the tissues or the cells 
of the plant are cultured by controlling the oxygen concentration 
in e. phase in a culture vessel to less than the oxygen 

concentration in the atmosphere from the initial stage of the 
culture, or by controlling the dissolved oxygen concentration in a 
fluid medium which is in contact with the tissue or the cell to less 
than the saturated dissolved oxygen concentration at that 
temperature from the initial stage of the culture/ a method of 
producing a taxane-type diterpene wherein the tissue or the cell of 
the plant is cultured in a culture vessel, while oxygenic gas 
containing 0.03 - 10 % of carbon dioxide is used rs aeration gas to 
be Introduced to the vessel, and a method of obtaining highly 
productive cultured cells for the tarane-type diterpene wherein 
cultured cells of the plant which produces the taxane-type 
diterpene are separated into a plurality of layers according to the 
difference in their specific gravities, and the ceils contained in 
at least one layer are cultured, then highly productive cultured 
cells for the taxane-type diterpene are selected from among those 
cultured cells. 
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The present invention allows industrial production of a taxar.e 
type diterpe.oe such as taxol which is useful as a therapeutic ager. 
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FIG. 2 
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Example 20 Specific gravities for fractionation (Example 75) 
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FIG. 5 
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FIG. 6 
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